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MEDICINAL COMPOSITIONS CONTAINING 
ASPIRIN 

[0001] This is a Divisional Application of application U.S. 
Ser. No. 10/600,266 filed Jun. 20, 2003, pending, which is 
a Continuation Application of International Application No. 
PCT/JPO1/11201 filed Dec. 20, 2001, whichis incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to pharmaceutical composi- 
tions containing 2-acetoxy-5 -(cc-cycIopropylcarbonyl-2- 
fluorobenzyl)-^ 5,6,7-tetrahydrothieno[3,2-c]pyridine or a 
pharmaceulically acceptable salt thereof, and aspirin, as 
active ingredients [particularly pharmaceutical composi- 
tions for prevention or treatment (particularly for treatment) 
of diseases caused by thrombus or embolus]; to the use of 
2"acetoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzy]) -4,5,6, 
7-tetrahydrothieno[3,2-c]pyridine or a pharraaceutically 
acceptable salt thereof and aspirin for the manufacture of 
pharmaceutical compositions for prevention or treatment 
(particularly for treatment) of diseases caused by thrombus 
or embolus; and to methods for the prevention or treatment 
(particularly to methods for the treatment) of diseases 
caused by thrombus or embolus by administration of an 
effective amount of 2-acetoxy-5-(a-cyclopropyIcarbonyl-2- 
AuoroberizyO^^^^-teu^hydrotrJenoP^-clpyridine or a 
pharmaceutically acceptable salt thereof and aspirin to 
warm-blooded animals (particularly humans). 

[0003] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluo- 
robenzyI)-4,5,6,7-tetiahydrcthieno[3,2-c]pyridine has been 
described in the Japanese Patent Application Publication No. 
Hei 6-41 139, and possesses potent inhibitory activity against 
platelet aggregation. Furthermore, aspirin is well known to 
have an inhibiting activity against platelet aggregation, 
although the activity is low. However, pharmaceutical com- 
positions containing both compounds have not been known. 

BRIEF DESCRIPTION OF THE INVENTION 

[0004] The present inventors have studied therapeutic 
agents with low toxicity that exert inhibitory activity against 
platelet aggregation and have found that the problems 
described above are solved by using pharmaceutical com- 
positions comprising 2-acetoxy-5-(a-cyclopropylcarbonyl- 
2-fluorobenzyl)-4 3 5 3 6 J~tetrahydrothieno[3,2-c]pyridine or a 
pharmaceutically acceptable salt thereof and aspirin. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0005] The present invention provides pharmaceutical 
compositions containing 2-acetoxy-5-(a-cyclopropylcarbo- 
nyl-2-fluorobenzyl) -4,5,6,7-tetrahy<Jrothieno[3,2-c]pyri- 
dine or a pharmaceutically acceptable salt thereof and aspi- 
rin as active ingredients [particularly pharmaceutical 
compositions for prevention or treatment (particularly for 
treatment) of diseases caused by thrombus or embolus]; the 
use of 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluoroben- 
zyl)-4j5,6,7-tetrahydrothieno[3 s 2-c]pyridine or a pharma- 
ceutically acceptable salt thereof, and aspirin, for the manu- 
facture of pharmaceutical compositions [particularly 
pharmaceutical compositions for prevention or treatment 
(particularly for treatment) of diseases caused by thrombus 
or embolus]; and methods for the prevention or treatment 



(particularly methods for treatment) of diseases caused by 
thrombus or embolus by administration of an effective 
amount of 2-acetoxy-5-(a-cyc]opropylcarbonyl-2-fluo- 
roberizyl)-4,5 5 6,7-tetrahytothieno[3,2-c]pyridine or a phar- 
maceutically acceptable salt thereof, and aspirin, to warm- 
blooded animals (particularly humans), simultaneously or 
sequentially. 

[0006] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluo- 
robenzyl)-4,5,6 3 7-tetmhydrotmeno[3,2-c]pyridine 3 and 
pharmaceutically acceptable salts thereof, which is one of 
the active ingredients of the present invention, is a known 
compound. For instance, the compound has already been 
described in Japanese Patent Application Publication No, 
Hei 6-41139 and Japanese Patent Application Publication 
No. 2002-145882 (priority: Japanese Patent Application No, 
2000-205539, and Japanese Patent Application No. 2000- 
266780). The chemical structure is described below. 




[0007] The pharmaceutically acceptable salts of 2-ac- 
etoxy-5-(a-cyclopropyIcarbonyl-2-fluorobenzyl)-4 J 5,6,7- 
tetrahydrothieno[3,2-c]pyridine may be, for example, 
hydrohalogenic acid salts such as hydrofluoride, hydrochlo- 
ride, hydrobromide or hydroiodide; nitrate; perchlorate; 
sulfate; phosphate; C 1 -C 4 -alkanesulfonates optionally sub- 
stituted by halogens such as methanesulfonate, trifluo- 
romethanesulfonate, ethanesulfonate; C 6 -C 10 arylsulfonates 
optionally substituted by C,-C 4 alkyl groups such as ben- 
zenesulfonate or p-toluenesulfonate; C 1 -C 6 aliphatic acid 
salts such as acetate, malate, fumarate, succinate, citrate, 
tarlarate, oxalate or maleale; amino acid salts such as glycine 
salt, lysine salt, aiginine salt, omitine salt, glutamic acid salt 
or aspartic acid salt; and the preferred compounds are 
hydrohalogenates or C,-C 6 aliphatic acid salts; and more 
preferred compounds are the hydrochloride or the maleate. 

[0008] When one of the active ingredients of the present 
invention, 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluo- 
robenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine or a phar- 
maceutically acceptable salt thereof, is allowed to stand so 
that it is open to the atmosphere, it may become hydrated by 
absotption of water or adsorption of water. Such hydrated 
compounds are included in the present invention, 

[0 0 09] Further, one of the active ingredients of the present 
invention, 2-acetoxy-5-(a-cyclopropylcarbonyl-2-fluo- 
robenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine or a phar- 
maceutically acceptable salt thereof, may absorb some lands 
of organic solvents and may form solvates in some cases, 
and these solvates are also included in the present invention. 

[0010] Furthermore, since 2-acetoxy-5-(a-cyclopropyl- 
carbonyl-2-fluorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c] 
pyridine has an asymmetric carbon atom, optical isomers 
exist based on the asymmetric carbon atom. These optical 
isomers are also included in the present invention. 
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[0011] The other active ingredient, aspirin, is a well- 
known compound, as an analgesic antipyretic. 

[0012] The pharmaceutical compositions of the present 
invention (particularly pharmaceutical compositions for the 
prevention or treatment of diseases caused by thrombus or 
embolus) which contain 2-acetoxy-5-(a-cyclopropylcarbo- 
nyl-2-fluoi^benzyl)-4 3 5 5 6,7-tetrahydromieno[3,2-c]pyridme 
or a pharmaceutical^ acceptable salt thereof, and aspirin, as 
active ingredients, possess excellent inhibitory activity 
against platelet aggregation and thrombogenesis with short 
onset latency and low toxicity. Thus the pharmaceutical 
compositions of the present invention are useful as preven- 
tative or therapeutic agents (particularly as therapeutic 
agents) against diseases caused by thrombus or embolus, for 
example, diseases induced by platelet aggregation, including 
stable or unstable angina pectoris and so forth; cardiovas- 
cular or cerebrovascular disorders, e.g., thromboembolism, 
associated with atherosclerosis or diabetes mellitus, such as 
unstable angina pectoris, cerebral ischemic insult or rest- 
enosis due to angioplasty, endarterectomy or stent therapy; 
or thromboembolism caused by thromboembolization such 
as recurrent embolism after degradation of the original 
thrombus, embolism, ischemia-induced dementia, periph- 
eral arteriopathy, thromboembolization associated with 
hemodialysis or atrial fibrillation, or thromboembolization 
in the vascular prosthesis, or in the bypass between the aorta 
and the coronary artery. Furthermore, the therapeutic agent 
of the present invention is administered to warm-blooded 
animals (particularly humans). 

[0013] According to the present invention, the use in 
combination of 2-acetoxy-5-(a-cyc!opropylcarbonyl-2- 
fluorobenzyl)4,5,6,7-tetrahydVothieno[3,2-c]pyridine or a 
pharmaceutical^ acceptable salt thereof, and aspirin, results 
in more potent effectiveness than the use of each component 
alone. Furthermore, plasma levels of these agents do not 
have to be maintained at a certain level and higher during the 
same period, in order to produce their effects. It is believed 
that these 2 agents reach the receptors, at which they act in 
vivo, and turn on switches at the receptors to induce the 
effects. Even though the plasma level of one component of 
the pharmaceutical composition is too low to induce the 
effects with increasing time after the agent was adminis- 
tered, the switches at the receptors have already been turned 
on. Thus the preventative or therapeutic efficacy of the agent 
is expected by inhibiting thrombogenesis or embolization, 

[0014] Therefore, when the other component of the phar- 
maceutical composition is administered later, the therapeutic 
effect of the compound administered later is expected to add 
to the therapeutic effects of the previously administered 
component. However, it is convenient clinically that both 
components are administered at the same time. Thus 2-ac- 
etoxy-5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6j7- 
tetrahydrothieno[3,2-c]pyridine or a pharmaceutical^ 
acceptable salt thereof and aspirin arc simultaneously 
administered as a combination drug. In the case that both 
agents cannot be mixed technically, each component can be 
administered separately. Moreover, as described previously, 
since each component produces significant effects as a single 
form, each component can be sequentially administered at 
appropriate intervals. The maximum intervals between 
administration of each of the two components that can be 
accepted to elicit significant effects could be confirmed by 
clinical trials or animal studies. 



[0015] The route for administration of 2-acetoxy-5-(a- 
cyclopropylcarbonyl-2-fluorobenzyl)-4,5 ; 6,7-tetrahy- 
drothieno[3 J 2-c]pyridine or a pharmaceutical^ acceptable 
salt thereof, and aspirin, which is employed in the present 
invention, is generally the oral route. However, other routes, 
for example, intravenous administration, can be used. Thus, 
the 2 components can be prepared respectively as separate 
formulations, or can be mixed physically to form a single 
formulation for administration. The single formulations of 
the mixed components are, for example, powders, granules, 
tablets^ capsules and so forth, and can be prepared by regular 
formulation techniques, as described below. 

[0016] These formulations are prepared by conventional 
methods by using excipients (organic excipients, for 
example, sugar derivatives such as lactose, sucrose, glucose, 
mannitol or sorbitol; starch derivatives such as com starch, 
potato starch, a-starch or dextrin; cellulose derivatives such 
as crystalline cellulose; gum arabic; dextran; or pullulan; 
and inorganic excipients, for example, silicate derivatives 
such as light silicic acid anhydride, synthetic aluminum 
silicate, calcium silicate or magnesium aluminate metasili- 
cate; phosphate derivatives such as calcium hydrogenphos- 
phate; carbonates such as calcium carbonate; or sulfates 
such as calcium sulfate), lubricants (for example, stearic 
acid; metal stearate derivatives such as calcium stearate or 
magnesium stearate; talc; waxes such as beeswax or sper- 
maceti; boric acid; adipic acid; sulfate derivatives such as 
sodium sulfate; glycol; fumaric acid; sodium benzoate; 
DL-leucine: lauryl sulfate derivatives such as sodium lauryl 
sulfate or magnesium lauryl sulfate; silicic acid derivatives 
such as silicic acid anhydride or silicic acid hydrate; and 
starch derivatives described above), binders (for example, 
hydroxy propyl cellulose, hydroxypropylmethylcellulose, 
polyvinylpyrrolidone), polyethylene glycol and similar 
compounds described in the above excipients), disintegra- 
tors (for example, cellulose derivatives such as low substi- 
tuted hydroxypropylcellulose, carboxymethylcellulose, cal- 
cium carboxymethylcellulose, internally cross-linked 
sodium carboxymethylcellulose; chemically modified 
starch/cellulose derivatives such as carboxymethylstarch, 
sodium carboxymethylstarch; cross-linked polyvinylpyrroli- 
done; or starch derivatives described above), emulsifiers (for 
example, colloidal clays such as bentonite or veegum; metal 
hydroxides such as magnesium hydroxide or aluminum 
hydroxide; anionic surfactants such as sodium lauryl sulfate 
or calcium stearate; cationic surfactants such as benzalko- 
nium chloride; or nonionic surfactants such as polyoxyeth- 
ylene alkyl ether, polyoxyethylenesorbitan ester of fatty 
acids or sucrose ester of fatty acids), stabilizers (for 
example, parahydroxybenzoates such as methylparaben or 
propylparaben; alcohols such as chlorobutanol, benzyl alco- 
hol or phenylethyl alcohol; benzalkonium chlorides; phenol 
derivatives such as phenol or cresol; thimerosal; dehy- 
droacetic acid; or sorbic acid), corrigents (for example, 
sweetening, souring and flavoring agents all of which are 
conventionally used), and diluents. 

[0017] The dose and the dose ratio of 2-acetox>'-5-(a- 
cyclopropylcarbonyl^-fluorobenzylJ^jS^jy-tetrahy- 
drothieno[3,2-c]pyridine or pharmaceutically acceptable salt 
thereof, and aspirin, can be widely altered based on several 
factors such as activity of each compound, and the symp- 
toms, age and body weight of the patients. 
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[0018] Generally, the lower limit of the oral dose (mg drug 
dose/time) is 0-1 mg (preferably, 1 mg) per time, while the 
upper limit is 1,000 mg (preferably, 500 mg) per time. The 
lower and upper limits of intravenous injection are 0.01 mg 
(preferably, 0.1 mg) and 500 mg (preferably, 250 mg), 
respectively. They are administered to the adult from 1 to 7 
times a day based on the symptoms of the patient, simulta- 
neously or sequentially. 

[0019] Generally, the dose ratio of 2-acetoxy-5-(o>cyclo- 
propylcarbonyl-2-fluorobenzyl)-4,5,6,7-ter^ 
2-c]pyridine or pharmaceutically acceptable salt thereof, and 
aspirin, is from 1:500 to 500:1 as their weight ratio. 

EXAMPLES 

[0020] The present invention is described in detail with 
examples and formulations in the following. However, the 
claim of the present invention is not restricted to the fol- 
lowing description. 

Example 1 

[0021] Inhibitory Activity against Thrombogenesis 

[0022] As the test animals, male Sprague Dawley rats of 
7 weeks old were purchased from SLC Japan and 6 rats per 
group were used. 

[0023] 2-Acetoxy-5-(a-cyclopropylcarbonyl-2-fluo- 
roben2yl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine was syn- 
thesized according to the method described in the Specifi- 
cation of Japanese Patent Application Publication No. Hei 
6-41139 and was used, while aspirin was purchased from 
Sigma Chemical Co, and was used. Both compounds were 
suspended in 5% (w/v) gum arabic solution, and were 
diluted so as to be 1 ml/kg of administration volume and 
were orally administered, 

[0024] The inhibitory activities of the compounds against 
thrombogenesis or thrombus formation were evaluated in 
the modified arteriovenous shunt thrombosis model in rats, 
winch was described by Umetsu et al. [Thromb. Haemost, 
39, 74-83 (1978)]. 

[0025] The shunt tube was prepared as follows; i.e., both 
sides of a medical silicon tube of 12 cm length [inner 
diameter 1 ,5 mm, outer diameter: 2.5 mm, purchased from 
KANEKA Medix Co., Ltd] were connected each to a 
polyethylene tube of 7 cm length [inner diameter: 0.5 mm, 
outer diameter, L0 mm, purchased from Natsume Sei- 
sakusho Co., Ltd,] covered with silicon via a medical silicon 
tube of 0,7 cm length [inner diameter: 1.0 mm, outer 
diameter: 1.5 mm, KANEKA Medix Co., Ltd] as connector. 
A surgical suture of 10 cm length was placed in the silicon 
tube of 12 cm length. 

[0026] The animal was anesthetized with an intraperito- 
neal injection of 40 mg/kg of pentobarbital sodium (pur- 
chased from Abbott Laboratories Inc.), and the jugular of 
one side and the carotid of the other side were exposed. The 
arteriovenous shunt was made by cannulation of a shunt tube 
filled with heparin solution [30 units/kg, purchased from 
Fuso Pharmaceutical Co,, Ltd] into the carotid and the 
jugular which had been previously exposed. 

[0027] The test compounds were orally administered and 
the blood was started to circulate into the shunt area two 
hours after the administration. Thirty minutes after the 



circulation was started, the shunt tube was removed, and the 
thrombus adsorbed on the surgical suture was weighed. The 
results are shown in Table 1 . The results in the table are 
expressed as the average weight ± SE (n=6). 



TABLE 1 


Compounds 






Compound A 


Aspirin 


Thrombus Weight 


Inhibition Rate 


(mg/kg) 


(tngfeg) 


(mg) 


(%) 


0 


0 


52.3 ± 1,2 




0 


10 


46.6 ± 2.8 


12.3 ± 4.4 


0.3 


0 


43.5 * 2,1 


17.0 ± 4.1 


0.6 


0 


37.5 ± 2.1 


28.3 ± 4.0 


0.3 


10 


30.5 ± 3,5 


41.8 ± 6.6 


0.6 


10 


23.2 ± 3,8 


55.7 ± 7.2 



(Foimulation 1) 
Tablets 



Compound A 


10.0 mg 


Aspirin 


12.5 mg 


Lactose 


175.5 mg 


Corn starch 


50,0 mg 


Magnesium stearate 


2.0 mg 


Total 


250 mg 



Compound A: 2-Acetoxy-5-(oi'Cyc]opropy]carbany]-2-fluorobenzy])-4,5,6, 
7-tetra]iydiolhieno[3 ,2-c]pyridkie 



[0028] The powders in the formula described in the above 
table are mixed, compressed with a tableting machine and 
formulated as a tablet containing 250 mg in total. The tablet 
can be coated with film or sugar, when necessary. 



What is claimed is: 

1. A method for the prevention of diseases caused by 
thrombus or embolus, comprising administering a pharma- 
ceutical composition comprising 2-acetoxy-5-(a-cyclopro- 
pylcarbonyl-26-fluorobenzyl)-4,5,6,7-tetranydrothieno[3 J 2- 
c]pyridine or a pharmaceutically.acceptable salt thereof, and 
aspirin, as active ingredients, in their pharmacologicaliy 
effective amounts, to a warm-blooded animal. 

2. A method according to claim 1, in which the pharma- 
ceutically acceptable salt is the hydrochloride or maleatc. 

3. A method according to claim 1 or claim 2, in which the 
warm-blooded animal is a human. 

4. A method for the treatment of diseases caused by 
thrombus or embolus, comprising administering a pharma- 
ceutical composition comprising 2-acetoxy-5-(a-cyclopro- 
pylcarbonyI-2-fluorobenzyl)-4 ,5,6, 7-tetrahydrothicno[3,2- 
c] pyridine or a pharmaceutically acceptable salt thereof, and 
aspirin, as active ingredients, in their pharmacologically 
effective amounts, to a warm-blooded animal. 

5. A method according to claim 4, in which the pharma- 
ceutically acceptable salt is the hydrochloride or maleate. 

6. A method according to claim 4 or claim 5, in which the 
warm-blooded animal is a human, 

7. A method for the treatment of a patient undergoing 
stenting, angioplasty, and/or to prevent restenosis compris- 
ing administering a pharmaceutical composition comprising 
2-acetoxy-5-(a-cyclopropylcarbonyl-2"fluorobenzyl)'4,5 J 6, 
7-tetrahydrolhieno[3,2-c]pyridine or a pharmaceutically 
acceptable salt thereof, and aspirin, as active ingredients, in 
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their pharmacologically effective amounts, to a warm- 
blooded animal 

8. A method according to claim 7, in which the pharma- 
ceutically acceptable salt is the hydrochloride or maleate, 



9. Amethod according to claim 7 or claim 8, in which the 
warm-blooded animal is a human. 

* * * * * 
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1 2 

ASSOCIATIONS OF ACTIVE PRINCIPLES beneficial effect greater than that observed with dipy- 

CONTAINING CLOPIDOGREL AND AN ridamole alone or aspirin alone in the secondary prevention 

ANTITHROMBOTIC AGENT of cerebral atberothrombotic ischaemia or towards throm- 
bosis (Acta. Neurol. Scand., 1987, 76(6), 413-421; 

The subject of the present invention is a new combina- 5 Thrombosis, 1994, Alert No. 12; Thrombosis, 1994, Alert 

lion of active ingredients with anti-platelet aggregation No. 9. Thrombosis, 1993, Alert No. 9; Thrombosis, 1993, 

activity consisting of clopidogrel and aspirin, and pharma- Alert No. 2). 

ceutical compositions containing them. The fitting of metallic endovascular prostheses at the 
The active ingredients constituting the combination are coronary and carotid level can be considered today as an 
present in the free state or in the form of one of their 10 important therapeutic advance in the prevention and treat- 
pharmacologicaily acceptable salts. ment of central and peripheral vascular accidents. However, 
During the last decade, there has been a lot of interest in these prostheses exhibit a potent prolhrombotic effect due to 
the study of the role played by the platelets in the develop- their metallic nature which it is essential today to prevent 
ment of diseases associated with atherosclerosis (myocardial with the aid of antithrombotic agents and mainly anti- 
infarction, angor, cerebral attack, peripheral arterial diseases is platelet aggregation agents. 

and the like). The well-established role of the platelets in Another thienopyridin derivative, clopidogrel described 

arterial thrombosis has allowed the development of numer- in EP 099 802 has also proved to be a potent antithrombotic, 

ous medicaments which inhibit the functions of the platelets acting through a mechanism of action identical to that of 

and the discovery of the essential role of ADP in the ticlopidin (Savi et aL, J. Pharmacol. Exp. Thcr., 1994, 269, 

thrombotic process has led to the development of ticlopidin, 20 772-777; Herbert el aL., Cardiovasc. Drug Rev., 1993, 11, 

a potent antithrombotic agent. This thieno[3,2-c]pyridine 180-198). 

derivative is described in Patent FR 73 03503. Ticlopidin Its use could be beneficial in relation to pathological 

selectively inhibits the platelet aggregation induced by ADP states such as disorders of the cardiovascular and cere- 

as well as that of other agonists, mediated by ADP [Feliste brovascular system such as the thromboembolic disorders 

et aL, Thromb. Res., 1987, 48, 403^15). 25 associated with atherosclerosis or with diabetes such as 

In multicentre double-blind clinical studies, ticlopidin unstable angina, cerebral attack, restenosis following 

proved to be significantly more effective than aspirin or a angioplasty, endarterectomy or fitting of metallic endovas- 

placebo in ihe prevention of cerebral attack in patients cular prostheses, with rethrombosis following thrombolysis, 

having a high risk of vascular accidents (Gent ct aL, Lancet, with infarction, with dementia of ischaemic origin, with 

1989, 8649, 1215-1220; Hass et aL, N. Eng. J. Med., 1989, 30 peripheral arterial diseases, with haemodialyses, with 

321, 501-507). It also proved significantly more effeclive auricular fibrillations or during the use of vascular prosthe- 

than the placebo in patients exhibiting a high risk of central ses or aortocoronary bypasses or in relation to stable or 

or peripheral vascular accidents (Janzon et aL, Scand. J. Int. unstable angor. 

Med., 1990, 227, 301-308). Clopidogrel is, depending on the aggregation agents 

Although it is known, to date, that aspirin and ticlopidin 35 used, in animals and in man about 10 to 50 times more 

act via two different mechanisms of action, numerous stud- effective than ticlopidin. Furthermore, unlike the latter, 

ies have compared the efficacy of these two medicaments clopidogrel exhibits a practically immediate anti- 

and it is only very recently that a few studies have suggested aggregation activity which appears within 15 minutes after 

that ticlopidin, administered in combination with aspirin, the administration whereas ticlopidin requires, in order to be 

could be of great interest in relation to acute thrombosis, as 40 effective, a prolonged administration of at least 3 days at 

a replacement of current poorly effective treatments, in much higher doses. Furthermore, unlike ticlopidin, clopi- 

patients in whom a metallic endovascular prostheses had dogrel can be administered by the intravenous route and 

been implanted (Van Belle et aL, Cor. Art. Dis., 1995, 6, exhibits, by this route, anti-aggregation effects which are 

341-345). completely equivalent to those obtained by the oral route 

The combination of ticlopidin and aspirin is claimed in 45 (Herbert ct aL, Cardiovasc. Drug Rev., 1993, 11, 180-198). 

patent FR 75 12084 for its use as anti-platelet aggregation This is not the case for ticlopidin which can only be 

agent endowed wilh a haemodynamic effect which is con- administered by the oral route. 

siderably qualitatively and quantitatively superior to that of Quite surprisingly and unexpectedly, the clopidogrel- 

ticlopidin alone. These results were demonslraled with the aspirin combination of the invention proved lo be endowed 

aid of pharmacological studies which related to the platelet so with a synergistic activity of the two active ingredients. This 

aggregation inhibiting properties by making measurements effect is characterized in relation to the aggregation of rabbit 

of the platelet aggregation induced by ADP or collagen. The platelets with collagen, sole aggregation agent which can be 

results which were obtained are predictive of a therapeutic used because of its joint dependency, by ADP and by the 

importance of the ticlopidin-aspirin combination in some metabolism of arachidonic acid. 

types of acute thrombosis following in particular some 55 Furthermore, a similar synergistic effect was observed in 

surgical operations but are not sufficient to deduce therefrom relation to the formation of a thrombus of arterial origin 

an indication in the secondary prevention of vascular acci- induced by the implantation of a thrombogenic surface (silk 

dents in alherometous disease or alternatively in endarter- thread) implanted in a catheter joining the carotid artery and 

ectomy or fitting of metallic endovascular prostheses. the jugular vein of the rabbit. 

It is moreover known that other combinations of anti- 60 The combinations according to the invention do not 

platelet aggregation agents, such as for example the com- increase the haemorrhagic risk assessed by the extension of 

bination aspirin-dipyridamolc, have been the subject of the bleeding time and are, moreover, not very toxic. Their 

clinical studies against dipyridamole alone or aspirin alone toxicity is compatible with their use as medicament for the 

in the study of the prevention of cerebral vascular accident treatment of the disorders and of the diseases of thrombotic 

or of occlusion of the vascular shunt in patients. The 65 origin mentioned above. 

conclusion of these studies was that the aspirin- The combinations according to the invention can be 

dipyridamole combination does not possess any significant formulated in pharmaceutical compositions for adminislra- 
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tion to mammals, including man, for the treatment of the For rectal administration, suppositories are used which 

abovementioned diseases. are prepared with binders which melt at the rectal 

According to the invention, clopidogrel and aspirin can temperature, for example cocoa butter or polyethylene gly- 

be administered in the form of a pharmaceutically accept- cols. 

able salt. 5 For parenteral, intranasal or intraocular administration, 

These salts are those commonly used in pharmacy, such aqueous suspensions, isotonic saline solutions, sterile and 

as acetate, benzoate, fumarate, maleate, citrate, tartrate, injectable solutions are used which contain dispersing agents 

gentisate, methane sulphonate, ethane sulphonate, benzene and/or wetting agents which are pharmacoligically 

sujpbonate, lauryi sulphonate, dobesikte and paraloluene compatible, for example propylene glycol or butylene gly- 

sulphonate. 10 col. 

In the text which follows, the quantities of clopidogrel The active ingredient can also be formulated in the form 

and of aspirin are expressed as clopidogrel and aspirin of microcapsules, optionally with one or more carriers or 

equivalents in non-salified, free form. additives. 

Advantageously, the compositions of the invention com- The active ingredients of the combinations can also be 

prise clopidogrel and aspirin in a molar ratio (aspirin/ 15 provided in the form of a complex with cyclodextrin, for 

clopidogrel) of between 25 and 11,5, preferably between 5 example a-, p- or y-cyclodextrin, 2-hydroxypropyl-p- 

and 9, better still between 7 and 8. cyclodextrin or methyl-p -cyclodextrin. 

The combinations according to the invention can be used When the compositions of the invention are administered 

at daily doses of clopidogrel or of aspirin of 0,1 to 100 mg in man by the parenteral or oral route, it is preferable that the 

per kilo of body weight of the mammal to be treated. 20 daily dose of clopidogrel is between 50 and 100 mg, the 

In human beings, the dose may vary for each of the daily dose of aspirin being between 100 and 500 mg. 

components from 1 to 500 mg per day, depending on the age It will be noted that according to the invention, clopi- 

of the subject to be treated and the type of treatment: dogrel and aspirin can both be administered by the oral 

prophylactic or curative. route, or both by the parenteral route or one can be admin- 

Iri the pharmaceutical compositions of the present 25 istered by the oral route (preferably aspirin) and the other by 

invention, the active ingredients are generally formulated in the parenteral route (preferably clopidogrel). 

dosage units containing from 0.1 to 500 mg of the said active According to u preferred embodiment, the daily dose of 

ingredient per unit dosage. clopidogrel administered in man by the parenteral and/or 

The subject of the present invention is therefore the oral route is between 65 and 100 mg, better still between 65 

pharmaceutical compositions which contain, as active 30 and 85 mg T the daily dose of aspirin administered by the 

ingredient, a combination of clopidogrel and aspirin. These parenteral route being between 200 and 400 mg, better still 

compositions are preferably made so as to be administerable between 315 and 335 mg. 

by the oral or parenteral route. Preferably, the dose of clopidogrel is in this case 75 mg 

In the pharmaceutical compositions of the present inven- per day and the dose of aspirin is 325 mg per day. 

tion for oral, sublingual, subcutaneous, intramuscular, 35 The combinations of active ingredients according to the 

intravenous, intradermal, local or rectal administration, the invention have been the subject of pharmacological studies, 

active ingredient may be administered in unit forms for Tests were carried out in relation to the test of aggregation 

administration, mixed with conventional pharmaceutical of rabbit platelets with collagen as described above (Born et 

carriers, to animals and to human beings. The appropriate al,, J. Physiol., 1963, 168, 178-95) . Briefly, 2,5 to 3 kg New 

unit forms for administration comprise the forms for oral 40 Zealand rabbits were treated by the oral route with ticlopidin 

administration such as tablets, gelatin capsules, powders, (100 mg/kg/d) for 3 days or by the intravenous route with 

granules and oral solutions or suspensions, the forms for clopidogrel (10 mg/kg). One hour after the last 

sublingual or buccal administration, the forms for administration, the animals were treated by the intravenous 

subcutaneous, intramuscular, intravenous, intranasal or route with aspirin (1 mg/kg). 

intraocular administration and the forms for rectal adminis* 45 Five minutes after the administration of aspirin, the 

tration. animals were anaesthetized with ether and 2 ml of blood 

When a solid composition in the form of tablets is were collected from the median artery of the ear and mixed 

prepared, the main active ingredient is mixed with a phar- with 0.2 ml of a 3.8% solution of sodium citrate in water, 

maceutical vehicle such as gelatin, starch, lactose, magne- The platelet-rich plasma was obtained by centrifugation of 

sium stearate, talc, gum arabic and the like. The tablets can so the blood at 500 g for 10 minutes at 15° C. The number of 

be coated with sucrose or other appropriate materials or platelets was then adjusted to 10 6 cells per fA with the aid of 

alternatively they can be treated such thai they have a plasma low in platelets, obtained by centrifugation (3000 g, 

prolonged or delayed activity and that they continuously 15 min.) of anticoagulaled blood, 

liberate a predetermined quantity of active ingredient. The aggregation of the platelets was measured according 

A preparation in the form of gelatin capsules is obtained 55 to the method of Born (Born et al., J. Physiol., 1963, 168, 

by mixing the active ingredient with a diluent and by 178-95) with the aid of a double canal aggregomeler 

pouring the mixture obtained into soft or hard gelatin (Chrona Log) with stirring (900 rpm) at 37 fl C. The aggre- 

capsules. gation of the platelets was induced by collagen (12.5 /^g/ml), 

A preparation in syrup or elixir form may contain the The antithrombotic effect of the clopidogrel or ticlopidin 

active ingredient together with a sweetener, preferably calo- 60 combination with aspirin was determined in relation to the 

rie free, methylparaben or propylparaben as antiseptic, as formation of a thrombus on a silk thread present in an 

well as a taste enhancer and an appropriate colouring. arteriovenous shunt implanted between the carotid artery 

The waler-dispersible granules or powders may contain and the jugular vein of the rabbit as described by Umetsu et 

the active ingredient mixed with dispersing agents or wet- al. (Thromb. Haemostas., 1978, 39, 74-83) . Briefly, 2.5 to 

ting agents, or suspending agents, such as 65 3 kg New Zealand rabbits were treated by the oral route with 

polyvinylpyrrolidone, as well as sweeteners or flavour cor- ticlopidin (100 mg/kg/d) for 3 days or by the intravenous 

rectors. route with clopidogrel (10 mg/kg). 
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The animals were anaesthetized by subcutaneous admin- 
istration of sodium pentobarbital (30 mg/kg). Two polyeth- 
ylene tubes 12 cm long (internal diameter: 0.6 mm; external 
diameter: 0,9 mm) attached by a central part 6 cm long 
(internal diameter: 0.9 mm) containing a silk thread 5 cm 
long were placed between the right carotid artery and the left 
jugular vein. One hour after the last administration of 
ticlopidin or of clopidogrel, the animals were treated by the 
intravenous route with aspirin (1 mg/kg). The central part of 
the shunt was then placed and then removed after 20 minutes 
of circulation of blood in the shunt. The weight of the 
thrombus present on the silk thread was then determined. 

The results shown in TABLE 1 indicate that clopidogrel 
(10 mg/kg) or aspirin (1 mg/kg) administered by the intra- 
venous route in a single dose in rabbit inhibit the aggregation 
of the platelets which is induced by collagen. Ticlopidin, 
administered by the oral route (100 mg/kg/d) for 3 days also 
exhibits a significant inhibitory effect in relation to the 
aggregation of the platelets with collagen. 

In all cases, the joint administration of clopidogrel and 
aspirin resulted in a significant synergistic effect in relation 
to the aggregation of the platelets with collagen. That is to 
say that when the products were administered in 
combination, the anti-aggregation effect obtained was 
always greater than the mere sum of the effects of the two 
lest products taken separately. 

Compared with the mere additive effect observed 
between the anti-aggregation effect of ticlopidin and aspirin 
obtained and claimed in patent FR 73 03503, this activity is 
completely new and unexpected. 

In the same manner, the antithrombotic activity of clo- 
pidogrel was potentiated by combination with aspirin. Under 
these conditions, and as in relation to the aggregation of the 
platelets with collagen, a significant synergistic effect was 
observed (TABLE 2). 

TABLE 1 

Effect of the products a) one or in combination in 
rotation to the aggregation of rabbit platelets with 
collagen, 



Active ingredients 



Doses 



% inhibition 



Ticlopidin 

Clopidogrel 

Aspirin 

Ticlopidin + Aspirin 
Clopidogrel + Aspirin 



300 mg/kg/D -3D 35 ± 3% 

10 mg/kg 42 i 6% 

1 mg/kg 21 * 2% 

100 + 1 mg/kg 52 ± 6% 

10 + 1 mg/kg 98 * 1% 



The values indicated in the table are the mean values on 
five experiments ± standard errors (n=5) 



TABLE 2 



Effect of the products alone or in combination in 
relation to the formation of an arterial thrombus on a 
siJk thread implanted in an arteriovenous shunt in 
rabbit. 



Active ingredients 



Doses 



% inhibition 



Ticlopidin 

Clopidogrel 

Aspirin 

Ticlopidin + Aspirin 
Clopidogrel + Aspirin 



100 mg/kg/D- 3D 25 ± 9% 

10 mg/kg 34 ± 4% 

1 mg/kg 19 ± 5% 

100 + 1 mg/kg 45 * 3% 

10 + 1 mg/kg 82 ±1% 



The values indicated in the table are the mean values on 
five experiments ± standard errors (n«5) 
We claim: 

1. A pharmaceutical composition comprising a combina- 
tion of clopidogrel aspirin, both constituents being present in 
the free state or in the form of a pharmaceutical^ acceptable 
salt. 
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2* A pharmaceutical composition according to claim 1, 
comprising clopidogrel and aspirin in combination with at 
least one pharmaceutical excipient. 

3. A pharmaceutical composition according to claim 2 in 
a form administerable by the parenteral route or by the oral 
route, 

4. A pharmaceutical composition according to claim 3 
wherein clopidogrel and aspirin are present in an aspirin/ 
clopidogrel molar ratio of between 2.5 and 11.5. 

5. Apharmaceutical composition according to claim 1 for 
the treatment of a pathology induced by platelet aggregation. 

6. A method for the treatment of a pathology induced by 
platelet aggregation, which comprises administering to a 
human in need of such treatment, a dose of 1 to 500 mg per 
day of clopidogrel and a dose of 1 to 500 mg per day of 
aspirin, the doses being expressed in equivalent quantity of 
clopidogrel and of aspirin in free form. 

7. A method according to claim fj, in which the treatment 
involves the administration by the parenteral and/or oral 

20 route of 50 to 100 mg of clopidogrel per day and of 100 to 
500 mg of aspirin per day. 

8. A method according to claim 6, in which the treatment 
involves the administration by the parenteral and/or oral 
route of 65 to 100 mg of clopidogrel per day and of 200 to 

25 400 mg of aspirin per day. 

9. A method for the treatment of a pathology induced by 
platelet aggregation comprising the administration of an 
effective quantity of clopidogrel and, concomitantly, the 
administration of an effective quantity of aspirin, the clopi- 

30 dogrel and the aspirin being administered in the free state or 
in the form of a pharmaceutical^ acceptable salt, 

10. A method according to claim 9, wherein the pathology 
induced by platelet aggregation is chosen from stable angor, 
unstable angor, disorders of the cardiovascular and cere- 
brovascular system, disorders associated with the use of 
vascular prostheses and disorders associated with aortocoro- 
nary bypasses. 

11. A method according to claim 10, wherein the disorders 
of the cardiovascular and cerebrovascular system are chosen 
from thromboembolic disorders associated with 
atherosclerosis, with diabetes, with rethrombosis following 
thrombolysis, with infarction, with dementia of ischaemic 
origin, with peripheral arlerial diseases, with haemodialysis 
and with auricular fibrillations, 

12. A method according to claim 11, wherein the throm- 
boembolic disorders associated with atherosclerosis and 
with diabetes are chosen from unstable angina, cerebral 
attack, restenosis following angioplasty, endarterectomy and 
the fitting of metallic endovascular prostheses. 

13. A method according to claim 9, involving the admin- 
istration in man of 1 to 500 mg per day of clopidogrel and 
of 1 to 500 mg per day of aspirin, the doses being expressed 
in equivalent quantity of clopidogrel and of aspirin in free 
form. 

14. A method according to claim 9, involving the admin- 
istration in man by the parenteral and/or oral route of 50 to 
100 mg per day of clopidogrel and of 100 to 500 mg per day 
of aspirin, the doses being expressed in equivalent quantity 
of clopidogrel and of aspirin in free form. 

15. A method according to claim 9, involving the admin- 
istration in man by the parenteral and/or oral route of 65 to 
100 mg per day of clopidogrel and of 200 to 400 mg per day 
of aspirin, the doses being expressed in equivalent quantity 
of clopidogrel and of aspirin in free form. 

16. A method according to claim 15 involving the admin- 
istration in man by the parenteral and/or oral route of 65 to 
85 mg per day of clopidogrel and of 315 to 335 mg per day 
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of aspirin, the doses being expressed in equivalent quantity 23. A method according to claim 6 wherein the pathology 

of clopidogrel and of aspirin in free form. induced by platelet aggregation is chosen from stable angor, 

17. A pharmaceutical composition according lo claim 4 unstable angor, disorders of the cardiovascular and cere- 
wherein clopidogrel and aspirin are present in an aspirin/ Avascular system, disorders associated with aortocoronary 
clopidogrel molar ratio of between 5 and 9 5 b ^ ^ ^ lhe ^ of vascular 

18. A pharmaceutical composition according to claim 2 , 

for the treatment of a pathology induced by platelet aggre- ^ M ' , , - . ^ , , 

g at ^ 0n ' 24. A method according to claim 23, wherein the disorders 

19. A pharmaceutical composition according to claim 3 of thc cardiovascular and cerebrovascular system are chosen 
for the treatment of a pathology induced by platelet aggre- 10 fr° m thromboembolic disorders associated with atheroscle- 
gation. rosis or diabetes, rethrombosis following thrombolysis, 

20. A pharmaceutical composition according to claim 4 infarction, dementia of ischaemic origin, peripheral arterial 
for the treatment of a pathology induced by platelet aggre- diseases, haemodialyses and auricular fibrillations. 
S aUon ' 25. A method according to claim 24, wherein the throm- 

21. A pharmaceutical composition according to claim 17 is boembolic disorders associated with atherosclerosis or dia- 

ation tr6a!ment " Path0l ° gy MBCBd by Platekt aggre " betes are chosen from unstable angina, cerebral attack, 

Sa 22 D Amethod according* claim 8, in which the treatment f ten °f fo^wing angioplasty, endarterectomy, and the 

involves the administration by the parenteral and/or oral fiUm S of metallic endovascular proslheses. 

route of 65 lo 85 mg of clopidogrel per day and of 315 lo 335 20 

mg of aspirin per day. * * * * * 
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I. Preface 

Platelet activation and subsequent 
platelet aggregation play a central role in 
coronary artery diseases such as myocar- 
dial infarction and unstable angina* and 
cerebrovascular diseases such as stroke 
and transient ischemic attack, 1 ' 21 Although 
platelets are activated by a variety of 
endogenous agonists, ADP is the earliest 
described and the most important platelet 
aggregation agonist. ADP induces primary 
aggregation, 3 * In addition, ADP released 
from aggregating platelets induces sec- 
ondary aggregation via the feedback 
process amplifying and propagating 
platelet activation induced by other ago- 
nists. 5,6 * ADP activates platelets via ADP 
receptors, which have been tentatively 
designated as P2T receptors."* The P2T 
receptors are probably composed of three 
distinct receptors: the P2X t , the ligand- 
gated ion channel, and two distinct G-pro- 
tein-coupled ADP receptors (a G^-linked 
P2Y t receptor and a G-linked P2T AC 
receptor). 8 * 

The importance of ADP in the patho- 
genesis of arterial thrombosis is supported 
by the recent demonstration that ADP-spe- 
cific inhibitors of thienopyridine deriva- 
tives, such as ticlopidine and clopidogrel, 
are effective in reducing the risk of athero- 
sclerotic vascular disease. 9ilt,) However, 
these drugs are by no means satisfactory 
in terms of their adverse effects and effica- 
cy. Ticlopidine can have significant 
adverse effects at common dosage levels. 111 
Indeed, the use of ticlopidine is discour- 
aged in patients with severe organ failure, 
and the blood cell count should be moni- 



tored regularly during the first 3 months of 
ticlopidine administration because 1% of 
patients receiving ticlopidine may experi- 
ence severe agranulocytosis. 9 * Clopidogrel 
has been demonstrated to be safer than 
aspirin, the gold standard of antiplatelet 
agents at present. However, the clinical 
efficacy of clopidogrel over aspirin has 
proven just marginal 10 * 

The above-mentioned research and our 
interest to develop a novel antithrombotic 
agent prompted us to search for a more 
active antiplatelet drug with ADP-specific 
action, but with fewer side effects com- 
pared to ticlopidine and clopidogrel. In 
1989, we began a collaborative study with 
Ube Industries (Yamaguchi, Japan). We 
performed in vivo screening tests on many 
compounds synthesized in Ube Industries. 
Among these compounds* CS-747 (2-ace- 
toxy-5-(a-cyclopropylcarbonyl-2-fluo- 
robenzy l)-4 ,5 , 6,7-tetrahy drothieno [3 ,2- 
c]pyridine) was finally selected (Fig, 1) 
for further development. CS-747 was 
found to be an orally effective platelet 
aggregation inhibitor with high potency, 
fast onset and long duration of action. For 
example, CS-747 was 100-times more 
potent than ticlopidine in various experi- 
mental animals. Antiaggregatory effects of 
CS-747 were evident as early as 0.5 hr 
post-dose, and maintained up to 72 hr in 




Fig. 1, Chemical structure of CS-747 
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Fig. 2. Chemical structure of R-99224, an active 
metabolire of CS-747 

animals. In contrast to this high pharmaco- 
logical potency, CS-747 was revealed to 
exhibit minimum activity in general phar- 
macological and toxicological studies. 

The metabolism and pharmacokinetics 
of CS-747 were examined in various ani- 
mals. These studies revealed that CS-747 
was rapidly and well absorbed after oral 
administration and extensively metabo- 
lized in the liver, most of it being excreted 
in the feces. CS-747, along with ticlopi- 
dine and clopidogrel, 12 ' was inactive in 
vitro^ whereas these agents are all very 
active after oral administration. This raises 
the possibility of in vivo generation of 
active metabolites of thienopyri dines, but 
they remain to be identified. R-99224 iso- 
lated from the incubation mixture of CS- 
747 and rat liver microsomes was found to 
show potent in vitro antiaggregatory activ- 
ity. Its chemical structure (Fig. 2) was elu- 
cidated in 1994; R-99224 was detected in 
the blood of various animals that received 
oral administration of CS-747. The phar- 
macological profile of R-99224 matches 
that of CS-747, except for the high oral 
absorption of CS-747, with potent, selec- 
tive and irreversible in vitro antagonistic 
activities against P2T AC receptors. The 
results suggest that R-99224 is an active 
metabolite of CS-747 and contributes to 



the pharmacological activities of CS-747 
after its oral administration. 

These pre-clinical studies on CS-747 
have suggested its potential as a novel 
antiplatelet agent with a wide safety mar- 
gin. In particular, comparative toxicologic 
studies with clopidogrel revealed that CS- 
747 was less toxic than clopidogrel. Thus, 
Phase I clinical studies were started in the 
U.K. in 1997* Single oral administration 
of CS-747 at 30 mg produced potent inhi- 
bition of platelet aggregation with a fast 
onset and a long duration in healthy vol- 
unteers. This is noteworthy, since maximal 
effects were observed only after multiple 
administrations of ticlopidine (500 
mg/day) ?) and clopidogrel (75 mg/day). 13) 
A multiple dose of CS-747 administered 
once daily for 10 days was tolerable, and 
produced a significant and steady-state 
inhibition of platelet aggregation. There 
were no abnormal changes in the safety 
parameters in any dose groups. 

In this review, we will examine the pre- 
clinical and clinical evidence that suggests 
the clinical usefulness of CS-747, a novel 
antiplatelet agent with P2T AC antagonistic 
action, for patients with occlusive vascular 
diseases. 

(Fumitoshi Asai) 

EL Physicochemical Properties 

The physicochemical properties of CS- 
747, including the appearance, melting 
point, solubility, partition coefficient, ele- 
mental analysis, spectroscopic properties, 
and acid dissociation constant, were inves- 
tigated. The stability of CS-747 in 
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buffered solutions, and in the solid state, 
was also examined. To confirm the ratio- 
nale for developing CS-747 as a racemic 
mixture, racemization and deacetylation 
reactions of CS-747 in aqueous solutions 
were studied, 

L Physicochemistry 

1) Appearance 

CS-747 occurs as a white to pale-yellow 
crystalline powder containing masses, 

2) Melting point 

The melting point of CS-747 is 
12rC~122°C. 

3) Solubility and partition coefficient 
Solubility data of CS-747 in various 

organic solvents and aqueous solutions at 
20°C are given in Table 1 and Table 2, 
respectively. CS-747 is freely soluble in 
benzene, chloroform, and acetone, and 
slightly soluble in methanol and ethanol; 
however, it is practically insoluble in 
water and neutral buffered solution. With 
decreasing pH, CS-747 becomes slightly 
soluble. It is assumed that the solubility of 
CS-747 in aqueous solution depends on its 
dissociation constant (ptfa) of 5.40 (see 

Table 1. Solubility of CS-747 in organic solvents 

Solvent (20°C) Solubility Cmg/mL) 

Benzene >100 

Chloroform >100 

Acetone >100 

Ethyl acetate 82.5 

Acetonitrile 67.0 

Methanol 9.01 

Ethonol 5.91 

n-Hexane 065 



Table 2. 


Solubility of CS-747 in aqueous 




solutions 


pH(20°C) 


Solubility (ug/mL) 


3.57 


59.8 


4.3B 


37.5 


4,85 


14,2 


5.25 


5,54 


5.47 


5.82 


6.00 


4.01 


7.02 


aos 


7.12 


0,15 


Table 3. 


Elemental analysis (Batch No. 5) 


Element 


C H N F S 


Found (%) 


64.40 5.57 3.75 5.23 8.7S 


Calculated ( e 


fc) 64,33 5.40 3,75 5.09 8.59 



below 6) Dissociation constant). The parti- 
tion coefficient (Log P) of CS-747 was 
determined to be 3.7 between n-octanol 
and phosphate buffer (pH 7,0) using the 
flask-shaking method, 

4) Elemental analysis 

The results of the elemental analysis are 
presented in Tkble 3. The data conformed 
to the calculated values (C, 64,33; H, 5.40; 
N, 3,75; F, 5.09; S, 8.59). 

5) Spectrophotometry analysis 

The UV spectrum of CS-747 in ethanol 
is presented in Fig. 1, It exhibited no 
absorption maximum in the range of 200 
nm to 350 nm, and showed three shoul- 
ders at around 218, 238, and 258 nm. The 
corresponding molar extinction coeffi- 
cients of these peaks were L28 x 10 4 , 7.68 
x 10 3 , and 6.44 x lO'cnr'mol-'L, respec- 
tively. 
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Table 4. The IR band assignments for CS-747 



200 



Fig. I 



24° 2S0 320 350 

Wavelength (nm) 
UV spectrum of CS-747 in ethanol 




4000 



3200 2400 1600 800 400 
Wave number CcirT 1 ) 

Fig. 2. IR spectrum of CS-747 



The IR spectrum of CS-747, determined 
by the potassium bromide disc method, is 
shown in Fig. 2. The assignments of the 
characteristic absorption bands in the IR 
spectrum are listed in Table 4. 

6) Dissociation constant 

The pATa for CS-747, determined spec- 
trophotometrically, was found to be 5.40 ± 
0.05 at 25°C. This p£a is assumed to cor- 
respond to the probation of the tertiary 
amine structure in the piperidine moiety. 



Wave number (c m" 1 ) 
30J3» 3035 
2713-2944 
1757 



Assignment 



1703 
1489 
1193 
758 



Aromatic C-H stretching 
Aliphatic C-H stretching 
C=0 stretching of ester 
C=0 stretching of ketone 
C-H deformation 
C~0 asymmetrical stretching 
C-H out-of-plane deformation 
of the disubstituted benzene 
ring 



Table 5. Stability of CS-747 in aqueous solutions 
at various pH levels 



pH 1 hour 3 hours 6 hours 24 hours 



1.2(J,R1) 76.6 

2.0 76.7 

4-0 95.7 

6.8(J.R2) 98,5 

8.0 93.3 



74.9 
73,4 
94.7 
88.1 
80.7 



71,5 33.7 

71.0 59.6 

9L7 77.6 

81.4 49,0 

67,0 29.0 



The concentration of CS-747 was 100 iigAuL in 20% 
CH 3 CN/burTen 



2. Stability 

The stability of CS-747 in aqueous 
solutions was examined under various 
conditions from pH 1.2 to pH 8.0 at 37°C 
over a period of 24 hr. The results are 
summarized in Table 5, It was found that 
CS-747 is rather stable at pH 4, giving 
78% as the residual percentage after 24 hr 
but it was unstable in solutions having a 
pH lower or higher than 4. 

Long-term and accelerated storage tests 
of CS-747 in the solid state were per- 
formed, as shown in Tkble 6. CS-747 was 
confirmed to be stable at 25°C-60% RH 
(relative humidity) for 18 months, and at 
40°C for 12 months when stored in closed 
glass bottles. 
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Ibble 6. Stability of CS-747 in the solid state 

Storage conditions Initial 1 month 3 months 6 months 9 months 12 months 18 months 
~~ ioq5 1Q07 1(H)6 100,6 100,7 100.0 



25°C-60%RH 



40°C 



100.1 



99.8 



100.2 



100.6 



100.4 



100.2 



Table 7. Photostabiliiy of CS-747 exposed to a cool white fluorescent lamp 



Test 



Initial 



600000 



Assay {%) 



100.0 



99.3 



Lux-hours 



1200000 



2400000 



Reference 



98.9 



983 



99.8 



Table 8* Photostability of CS-747 exposed to a near-ultraviolet lamp 



Test 



Initial 



120 



Assay {%) 



100.0 



99.8 



W-hr/m 2 



240 



99.6 



480 



Reference 



99.0 



99.5 



The photostability of CS-747 was tested 
under light exposure of a cool white fluo- 
rescent lamp and a near-ultraviolet lamp. 
The results are presented in Table 7 and 
Table 8, respectively. It was found that 
CS-747 is stable in both light exposures. 

3. Racemization and Deacetylation 
Reactions of CS-747 in Aqueous 
Solution 

CS-747 has one chiral center, and thus 
consists of two optical isomers, as shown 
in Fig. 3. The kinetic properties of racem- 
ization and deacetylation of each optical 
isomer were studied in aqueous solutions 
at various pHs at 37°C. The enantiomer 
ratios of CS-747 as a function of time, 
starting from the R- or S-form in pH 7.4 
aqueous solution at 37°C, are shown in 
Fig. 4. The kinetic plots for the racemiza- 
tion are presented in Fig. 5. The rate con- 




JZfbrm of CS-747 




5 form of CS-747 

Fig, 3. Chemical structures of optical isomers of 
CS-747 

stants and half-lives (T 1/2 ) of the racemiza- 
tion are summarized in Table 9. The pH 



A) 
100 



R(%) 
S(%) 



80 
60- 
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A) 
100-i 



40 



20' 



50 100 150 200 
TimeCmin) 



B) 
100 



80 



• R(%) J 



50 



150 



200 



100 
TimeCmin) 

Fig. 4. Racemization of the R form and S foim (A 
and B, respectively) in pH 7 A aqueous 
solution at 37°C 

dependence of the T IG in the racemization 
of each optical isomer of CS-747 is shown 
in Fig, 6. The racemization occurred 
rapidly, with a of about 1 hr at pH of 
no lower than 4. 

The deacetylation of CS-747 was also 
found to proceed similarly under the same 




50 100 150 
TimeCmin) 



200 




50 



200 



100 150 
TimeOnin) 

Fig. 5. Kinetic plots for the racemization of the R 
form and S form (A and B, respectively) in 
pH 74 aqueous solution at 37 C C 

conditions. The kinetic plots of the 
deacetylation of each optical isomer in pH 
7.4 aqueous solution at 37°C are shown in 
Fig. 7. The rate constants and T if2 values 
for the deacetylation are summarized in 
Table 10. The pH dependence of T J/2 in the 
deacetylation of each optical isomer of 
CS-747 is plotted in Fig. 8. The deacetyla- 
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Fig- 6. T w for iacemization of each optical isomer 
of CS-747 at 37*C with respect to the pIL 
Error bars indicate standard deviation 
(meaniS.D.,!^). 



A) 

1.0 x10 s - 



L0*ltf- 



50 100 150 200 



B) 



J< 10* 10 5 

i 



lJOxlO 1 - 



50 100 150 200 



Fig. 7. Deacetylation of the R form and S form (A 
and B, respectively) in pH 7.4 aqueous 
solution at37°C 




Fig. 8. T in for deacetylation of each optical iso- 
mer of CS-747 at 37 D C with respect to the 
pH. Error bars indicate standard deviation 
(mean ± SiX, n=3). 

tion reaction was found to be relatively 
slow, with a T 1/2 of over 3.9 hr, compared 
with the racemization. 

It is predicted that each optical isomer 
of CS-747 will be stable under the acidic 
conditions of the stomach after oral 
administration. However, after reaching 
the intestinal tract, which is maintained at 
a neutral pH, the compound will rapidly 
undergo racemization before absorption. 
These data support the concept that the 
development of CS-747 as a single enan- 
tiomer has no rationale. The deacetylation 
reaction gives the 2-oxo form, which is the 
relatively stable intermediate leading to 
the pharmacologically active metabolite, 
as will be described later, and the reaction 
is considered to proceed enzymatically in 
the in vivo situation, rather than the non- 
enzymatic mechanism shown in this chap- 
ter. 

(Tomonori Konse) 



A$ai, F, etai; CS-747, a New Platelet ADP Receptor Antagonist 



Table 9. Kinetic parameters of racernization of CS-747 optical isomers 













P H 


k(xl0-%- ! ) 




k(xl0-%*) 


Ti/2(h) 


1.2 (J.P.I) 


1.6 ± 0.4 


54 J ±23.6 


2.1 ± 1.3 


43.1 ±20.0 


2.0 


1.4 ± 0.7 


62.0 ±26.6 


2.8 ± 3.3 


56.6 ±30.7 


3.0 


0.9 ± 0.4 


83.0 ±22.3 


1.3 ± 0.1 


53.5 ± 2.8 


4.0 


25.0+ 2.7 


2.8 + 0.2 


29.7 ± 1.2 


Z3± 0.1 


1A 


68.3 ±24.6 


1.1 ± 0.3 


76.0 ±21.0 


1.0 ± 0.2 


9.0 


47.1 ± 12.6 


1,5 ± 0.3 


37.5 ± 9.7 


2.0+ 0.5 


Table 10. Kinetic parameters of deacetylation of CS-747 optical isomers 




R -> 2-oxo form 


S -^2-oxo form 


pH 


k(xl0- 2 h-i) 


TiadO 


k(xl0-%->) 




L2(J.P.l) 


6.3 ± 0,7 


IU± 1.1 


8.2 ± 1.3 


' 8.6+ L5 


2.0 


3,3 ± 0.9 


33.4 + 6.9 


5.5 ± 0.7 


12.8 ± 1.7 


3.0 


3.9± 0.6 


17.9 ± 6.5 


2.4 ± 0.07 


28.8 ± 0.8 


4.0 


4.5 ± 1.8 


17.1 ± 0.02 


3.3 ± 0.7 


21.4 ± 5.0 


7.4 


17.7 ± 1.2 


3.9 ± 0.3 


18.5 ± 8.2 


4.2 ± 1,6 


9.0 


374.0 ±42.2 


0.2 ± 0.02 


332.0+43.5 


0.2+ 0.03 



III, Pharmacology 

1. Inhibitory Activity of CS-747 on 

Platelet Aggregation 
1) Single oral administration 

Time courses of the ex vivo effects of 
CS-747 (1-10 mg/kg, p.o.) and clopido- 
grel (10-100 mg/kg, p.o.) on ADP (3 
|iM)-induced platelet aggregation in 
platelet-rich plasma (PRP) were examined 
after a single administration of each agent 
to SD rats (Figs. 1 and 2). At 0.5 hr after 
dosing, more than 50% inhibition was 
observed in CS-747-treated SD rats, while 
clopidogrel had minimal effect, suggesting 
an early onset of the antiplatelet action of 
CS-747 (Fig. 1). Although the precise 



mechanism responsible for the rapid onset 
of CS-747's effect remains to be elucidat- 
ed, one possible explanation is that CS- 
747 may be more rapidly metabolized to 
its active metabolite in vivo (see ADME). 

Maximum effects of both agents were 
observed 4 hr after the dosing in SD rats, 
but the effect of CS-747 was more potent 
than that of clopidogrel (Figs, 1 and 2). 
The inhibitory effects of CS-747 (1 and 3 
mg/kg) and clopidogrel (10 and 30 mg/kg) 
were long-lasting, and were still signifi- 
cant 72 hr after dosing (Fig. 2). These 
similar effects of both agents had disap- 
peared by 96 hr after dosing. The dura- 
tions of inhibition of platelet aggregation 
by CS-747 and clopidogrel were compara- 
ble to the life span of circulating platelets 
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in the rat, 14 - 15 ' 

2) Three-day oral administration 

CS-747, clopidogiel, and ticlopidine 
were orally administered to SD rats once a 
day for 3 days. Blood was collected 4 hr 
after the final administration of the agents, 
and effects of the agents on ADP (0.3-30 
ji.M)-induced platelet aggregation were 



measured using PRE CS-747 (0.3-3 
mg/kg/day, p,o,) inhibited platelet aggre- 
gation in a dose-dependent manner (Fig. 
3). Clopidogrel (3-30 mg/kg/day, p.a) 
also inhibited platelet aggregation, but the 
effect of clopidogrel was 10-fold Less 
potent than that of CS-747. Ticlopidine 
(30-300 mg/kg/day, p.o.) showed minimal 
effect. CS-747, given orally, .also showed 




0 0.5 1 2 3 4 
Time after single dosing (hr) 



(A) CS-747 
100 

~ so 

a 

1 40 
^ 20 
0 



1 mg&g(p<0.} 
3 

























** 


















- J 

1 




• 




i i i 


04 


24 


48 


72 96 



Time after single dosing (hr) 



(B) Clopidogrel 
100 




c 

o 



0 0.5 1 2 3 4 
Time after single dosing (hr) 

Fig. 1. Effects of single oral administrations of 
CS-747 (A) and clopidogrel (B) on platelet 
aggregation up to 4 hr post-dose in rats. 
ADP at a concentration of 3 jiM was used 
as the agonist in PRP aggregation. Results 
are represented as the mean ± S.E.M. 
(n=6). **p<0.0l vs. control (vehicle-treat- 
ed group). 



(B) Clopidogrel 
100 



lOmgftgfp-o.) 
30 



~ so 

o 

| 40 
^ 20 
0 

























** 


** 


S** 






' 1 


t 1 


i __i 


— 1 1 1 



0 4 24 4B 72 96 
Time after single dosing (hr) 

Fig. 2* Effects of single oral administrations of 
CS-747 (A) and clopidogrel (B) on platelet 
aggregation 4-96 hr post-dose in rats. ADP 
at a concentration of 3 jiM was used as the 
agonist in PRP aggregation. Results are 
represented as the mean ± S.E.M. 
(n=5-6), *p<0,05 t **p<0.01 vs. control 
(vehicle-treated group). 
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1 3 10 
ADP(uM) 



(8) CbpfdagreJ 
60 




1 3 10 
ADP(pM) 

■O — ■ Control 



• 100 




0.3 1 3 10 30 
ADP (jjM) 

Fig. 3* Ex vivo effects of 3-day repeated adminis- 
trations of CS-747 (A), clopidogrel (B), 
and ticlopidine (C) on ADP-induced 
platelet aggregation in rats. Agents were 
orally administered .to rats once a day for 3 
days. The aggregation in PRP was mea- 
sured 4 hr after the final dosing. Results 
are represented as the mean ± S.EM. 
(n=6). *p<0.G5 r **p<0.01 vs. control 
(vehicle-treated group ). 



more potent inhibition of platelet aggrega- 
tion than clopidogrel and ticlopidine in 
Hartley guinea pigs, beagle dogs, and 
cynomolgus monkeys (data not shown). 
These results clearly show that CS-747 is 
a more potent antiplatelet agent in com- 
parison with clopidogrel and ticlopidine. 

3) Two-week oral administration 

Inhibitory effects of CS-747, adminis- 
tered repeatedly over 2 weeks, on ex vivo 
platelet aggregation in cynomolgus mon- 
keys were investigated, ADP (10 (iM)- 
induced platelet aggregation was mea- 
sured on Days 0 (pre), 1, 3, 5, 7, 14, 17, 
21, and 28 during the experimental period. 
CS-747 (0 J and 0.3 mg/kg/day, p.o.) 
inhibited platelet aggregation in a dose- 



- Control 



-0,3 




7 14 21 28 
Experimental day 

Fig. 4. Effects of repeated administrations of CS- 
747 on ADP (10 tiM)-induced platelet 
aggregation in cynomolgus monkeys. CS- 
747 was orally administered to monkeys 
once a day for 14 days. Platelet aggrega- 
. tion was measured 4 hr after dosing on 
each day. Data are represented as the mean 
± S.B.M. (n=5)> *p<0.05, **p<0*01 vs. 
control (vehicle-treated group), 



lonist 



Annit. Rep. Sankyo Res. Lab. 51, 1-44 (1999) 



13 



,e in 
and 

¥7 is 
om- 



.nis- 
rivo 
lon- 
M)- 
lea- 
17, 
iod. 
.a) 
>se- 



slet 

eys 

ga- 
on 
san 
vs. 



dependent manner (Fig. 4). Inhibitory 
effects of CS-747 (0.1 and 0.3 mg/kg/day) 
reached a plateau from Day 3 to 5, After 
completion of the CS-747 dosing period, 
platelet aggregation gradually returned to 
the pre-treatment level on Day 21 (7 days 
after the final dosing), suggesting long- 
lasting action of CS-747. In beagle dogs, 
CS-747 (0.03-0.3 mg/kg/day, p.o.) also 
showed a similar time course of 
antiplatelet action (data not shown). These 
data indicate that CS-747 has potent and 
long-lasting inhibitory effects on platelet 
aggregation. 

2. Antithrombotic Effects of CS-747 
1) Arteriovenous shunt thrombosis 
model 

Efficacy of CS-747 in an arteriovenous 
shunt thrombosis model, originally de- 
scribed by Umetsu and Sanai, t6) was deter- 
mined in SD rats (Fig. 5). Thrombus for- 
mation was assessed by weighing the wet 
weight of the thrombus formed in the 
shunt tube. CS-747 and clopidogrel were 
orally administered once to SD rats, while 
ticlopidine was orally administered once 
daily for 3 days. Blood circulation was re- 
started 4 hr after the single or the final 
dosing. In the control groups, the throm- 
bus weights after 30 min of blood circula- 
tion were 48.8-55.1 mg (n=7-10). CS-747 
(0.1-3 mg/kg, p.o.) prevented thrombus 
formation in a dose-dependent manner, 
with an ED M value of 0.65 mg/kg. In con- 
trast, clopidogrel and ticlopidine were less 
potent than CS-747 in this model; the ED^ 
values for clopidogrel and ticlopidine 
were 7.0 mg/kg and >300 mg/kg/day 3 
respectively. 



(A) CS-747 




(8) Clopidogrel 



0 0,1 0.3 1 
Dose (mg/kfl, p.o.) 




{C) TtclBptdfne 



0 1 3 10 
Dose (mgfeg, p.o.) 




0 30 100 300 
□o&e (mg/kg/day, p.o„ x3 days) 

Fig* 5. Antithrombotic effects of CS-747 (A), 
clopidogrel (B), and ticlopidine (C) in an 
arteriovenous shunt thrombosis model in 
rats. CS-747 and clopidogrel were admin- 
istered once orally to rats 4 hr before 
blood circulation. Ticlopidine was orally 
administered daily for 3 days to rats. 
Blood circulation in ticlopidine-treated 
rats was started 4 hr after the last dosing* 
Results are represented as the mean ± 
S.E.M. (n=7-10). *p<Q,Q5, **p<0.01 vs. 
control (vehicle-treated group), 

2) Photochemically induced arterial 
thrombosis (PIT) model 
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Table L Effects of CS-747, clopidogrel, and ticlopidine on a photochemically induced thrombosis model 
in rats 





Dose 




Time to occlusion 


Incidence of 


Treatment 


(mg/kg, /?,<?.) 


N 


(min) 


non-occlusion 


Control 




10 


6.80 + 0.47 


0/10 


CS-747 


0.3 


■ 8 


9.33 ±1.73 


1/S 




1 


8 


10.03 ±2.42 


2/8 




3 


8 


13,54 ±2.52* 


4/8* 


Clopidogrel 


10 


8 


11.92*2.81 


3/8 


Ticlopidine 


100 


8 


6.89 + 0.90 


0/8 



Experiments were performed 4 hr after p.o* administration of the agents. Data for time to occlusion are 
expressed as the mean ± S.E.M. *p<0.05 vs. control. 



(A) Total number 



(B) Total area 




□ Control 
W?X CS-747 



0.3 1 3 10 
Dose (mg/kg, p.o.) 



0.3 1 3 10 
Dose {mg/kg, p.o.) 



Fig. 6. Effects of CS-747 and clopidogrel on cerebral infarction in a rat PIT model. (A) Total number of 
infarcts and (B) total infarct area (mm 1 ). Results are expressed as the mean ± S.E.M (n=16). 
*p<0.05, **p<0.01 vs. control. 



We compared CS-747, clopidogrel, and 
ticlopidine for their antithrombotic effects 
in a femoral arterial thrombosis model in 
SD rats (Table 1). Thrombosis was in- 
duced in the femoral artery of anesthetized 
SD rats by endothelial damage due to the 
photochemical reaction between rose ben- 
gal (20 mg/kg, Lv.) transilluminated with 
green light (540 nm), according to the 
method by Takiguchi et al™ with slight 



modification. The agents, or vehicle, were 
orally administered 4 hr before the induc- 
tion of thrombosis* Blood circulation in 
the artery was obstructed at 6.80 ± 0.47 
min (n=10) after initiation of the photo- 
chemical reaction in the control rats* CS- 
747 prolonged the time to occlusion in a 
dose-dependent manner. A statistically 
significant (p<0.05) prolongation was 
observed at 3 mg/kg of CS-747 (13.54 ± 
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2.52 min ? n=8). Clopidogrel caused a mild 
prolongation of the time to occlusion, but 
it was not statistically significant (p>0,05). 
Ticlopidine (100 mg/kg, p.a) had no 
effects in this model even when the agent 
was administered at a very high dose for 3 
consecutive days. 

3) Embolic cerebral infarction model 

Effects of CS-747 were examined on 
embolic cerebral infarction in a rat model 
(Fig* 6)* Four hours after oral administra- 
tion of the agents, SD rats were anes- 
thetized and the right common carotid 
artery was transilluminated with green 
light (wavelength: 540 nm); rose bengal 
(40 mg/kg t Lv.) was injected to induce a 
non-occlusive thrombus formation. SD 
rats were euthanized 24 hr later, and the 
brain was excised. Histological analysis 
showed that CS-747 (0.3-3 mg/kg, p.o.) 
reduced the total area of cerebral infarcts 
in a dose-dependent manner. Compara- 



tively, clopidogrel (10 mg/kg, p.o.) had 
similar, yet milder, effects on cerebral 
infarction, Le. the agent was 10 times Less 
potent than CS-747. 

4) Summary of the effects of CS-747 in 
several experimental thrombosis 
models 

Antithrombotic effects of CS-747 in 
several thrombosis models are summa- 
rized in Table 2. In addition to the arterio- 
venous shunt and PIT models in SD rats, 
CS-747 showed potent antithrombotic 
effects on electrically induced arterial 
dirombosis models, which have often been 
used to assess the efficacy of antithrom- 
botic agents, 1 *' 1 * 1 in SD rats and Japanese 
white rabbits. The minimum effective 
dose in both of these animal models was 
0-3 mg/kg (p^0* suggesting potent 
antithrombotic effects by CS-747. CS-747 
was also effective in peripheral artery 
occlusive diseases in Wistar rats and 



Table 2. Summary of the antithrombotic effects of CS-747 on thrombosis models in experimental animals 



Thrombosis model 


Animal 


Vessels 


Minimum effective 
dose (mg/kg, p.oj 


Administration 


Arteriovenous shunt model 


Rat 


Carotid artery and vein 


0.3 


Single 


Photochemically-induced 


Rat 


Femoral artery 


3 


Single 


arterial thrombosis 










ElectricaUy-induced arterial Rat 


Carotid artery 


0.3 


Single 


thrombosis 


Rabbit 


Femoral artery 


0.3 


Single 


Peripheral artery occlusive 


Rat 


Femoral artery 


0.3 


Multiple (11 days) 


model 










Embolic cerebral infarction 


Rat 


Carotid artery 


1 


Single 


model 










Cholesterol-induced 


Guinea pig Aortic arch 


3 


Multiple (20 weeks) 


atherosclerosis model 


Rabbit 


Abdominal aorta 


3 


Multiple (10 weeks) 
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D Control XZX Clopidogrel 

KS CS-747 ■ Tlclopidlns 




0 0.10.3 1 1 3 10 30100 300 



Dose (mg/kg/cfay, x3 days, p.o.) 
Fig. 7. Effects of 3-day repeated administrations of CS-747, clopidogrel, and ticlopi- 
dine on tail transection bleeding time in rats. Bleeding time was measured 4 
hr after the final dosing. Results are expressed as the mean ± S.EM. (n-7). 
**p<0.01 vs. control (vehicle-treated group). 



embolic cerebral infarction models in SD 
rats. Moreover, CS-747 inhibited the 
development of atherosclerotic lesions in 
hypercholesterolemic Japanese white rab- 
bits and Hartley guinea pigs, although the 
minimum effective dose (3 mg/kg/day, 
p.o.) was slightly higher. These results 
clearly demonstrate that CS-747 has 
potent antithrombotic activities on several 
thrombosis models, supporting the fact 
that CS-747 should be effective in several 
vascular thromboembolic disorders. 

3. Effects of CS-747 on Bleeding Time 

Effects of CS-747 on tail-transection 
bleeding time were compared with clopi- 
dogrel and ticlopidine in SD rats. The 
bleeding time was measured 4 hr after the 
final dose of a 3-day repeated administra- 
tion period of CS-747 (0.1-1 mg/kg/day, 



p.o.), clopidogrel (1-10 mg/kg/day, p.o.) y 
and ticlopidine (30-300 mg/kg/day, p.o.). 
All agents tested prolonged bleeding time 
in a dose-dependent manner (Fig. 7). 
Although CS-747 was the most potent in 
the prolongation of bleeding time, the rel- 
ative potency among these agents was 
similar to that of ex vivo antiaggregating 
effects in SD rats. From these studies, CS- 
747 and clopidogrel may comparatively 
have similar ratios of benefit/bleeding 
risk. This might be important, since clopi- 
dogrel is clinically available and its bene- 
fit/bleeding risk ratio has been determined 
in a large clinical study, ,0) These results 
suggest that CS-747 is a potent antiplatelet 
agent with relatively moderate antihemo- 
static potency, but this remains to be 
proven in future clinical studies. 



gonkt 
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4, Mode of Antiplatelet Action of 
CS-747 

1) Reversibility of the effects of CS-747 
The reversibility of CS-747-mediated 
inhibition on ex vivo platelet aggregation 
was examined in SD rats. The inhibition 
of platelet aggregation by CS-747 (3 
rag/kg, p,o.) continued even after washing 
the platelets three times. In contrast, the 
inhibition of platelet aggregation by PGE, 
(1 |LtM) or cilostazol (300 fxM) was 
reversed by washing the platelets three 
times. These data suggest that the 
antiplatelet action of CS-747 is irre- 
versible. Moreover, the long duration of 
action of CS-747, even after a single oral 
administration, also supports this con- 
tention (Fig. 2). Hence, it is likely that CS- 
747 inhibits platelet aggregation in an irre- 



versible manner. 

a), 

o.). 2) Agonist selectivity 

Ime Agonist selectivity of the antiaggregato- 

7). ry activity of CS-747 was examined in ex 

t in vivo experiments in SD rats. Platelet 

rel- aggregation was measured in the washed 

vas platelets from the SD rats treated with the 

ing vehicle or CS-747 (3 mg/kg, p.o.). ADP, 

35- collagen, and thrombin were used as ago- 

ely nists. CS-747 inhibited ADP- and colla- 

ing gen-induced platelet aggregation. CS-747 

•pi- also caused a partial inhibition of throm- 

ne- bin-induced platelet aggregation, but not 

led when a high concentration (0,3 unit/ml) of 

ilts thrombin was used as the agonist. This 

;let inhibitory profile of CS-747 in rats was 

io- similar to apyrase, an ADP scavenger 

be (data not shown). 

In addition, several lines of evidence 
have suggested that collagen-induced rat 



platelet aggregation is associated with 
ADP released from activated platelets. 
Collagen-induced platelet aggregation was 
not seen in Fawn Hooded rats, 103 which 
have a congenital deficiency of ADP in 
their platelet-dense granules ; 2I> creatine 
phosphate/creatine phosphokinase, which 
converts ADP to ATP, completely inhibit- 
ed collagen-induced platelet aggregation 
in rats. 2 * Thus, these results indicate that 
CS-747 has a broad spectrum of ex vivo 
antiaggregatory activity, and that this 
activity is mainly involved in inhibiting 
ADP-induced responses. 

3) Ex vivo effects of CS-747 against 
ADP receptors in platelets 

ADP induces platelet activation, includ- 
ing a shape change from disc to sphere, 
aggregation, and secretion of granule con- 
tents ( 5> These responses are considered to 
be mediated by three distinct receptors, 
P2X ( , P2Y, and VTY^ receptors (Fig. 
8),*^ and it has been reported that coacti- 
vation of two different G-protein-coupIed 
receptors, P2T AC and P2Y„ where neither 
of which can cause platelet aggregation by 
itself, is essential for ADP-induced 
platelet aggregation. 245 Since 2-MeS-ADP 
is a stable agonist for P2Y, and P2T^, S3 > 
radiolabeled 2-MeS-ADP binding to 
platelets has often been used to clarify the 
effects of agents against ADP receptors. A 
single oral administration of CS-747 (3 
mg/kg, p.o.) to SD rats produced a signifi- 
cant but partial inhibition of [ 3 H]-2-MeS- 
ADP binding to platelets in the ex vivo 
study (Fig. 9). Orally administered CS- 
747 (10 mg/kg, p.o.) also partially inhibit- 
ed [ 3S S]GTPyS binding to the platelet 
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Fibrinogen _i Platelet 
binding aggregation 

Fig. 8. ADP-induccd signal transduction pathway and mechanism of anti-platelct 
act.cn by CS-747 in platelets. AC: Adenylyl cyclase; PLC; Phospholipase C. 
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Fig. 9. Specific [>H]-2-MeS-ADP binding to platelets from vehicle-(open circles) 
and CS-747-treated rats (closed circles). CS-747 (3 mg/kg) was orally 
admnustered to rats 4 hr before blood collection. Results are expressed as 
the mean ± S.E.M. (n=5). *p<0.O5, **p<0.01 vs. control (vehicle-treated 
group). 
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Fig. 10. \?S]GT&fi binding to platelet membranes from vehicle-(open circles) and 
CS-747-treated rats (closed circles). CS-747 (10 mg/kg) was orally admin- 
istered to rats 4 hr before blood collection. [ m S]GTPyS binding was mea- 
sured 60 min after addition of radioligand to the membrane in the presence 
or absence of 2-MeS-ADP. Results are expressed as the mean ± S.EM. 
(n=5-6> **p<0.0l vs. control. 
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Fig, 11, Ex vivo effects of CS-747 (0.1-10 mg/kg, p.o.) on specific ["^-fibrinogen 
binding to ADP-stimulated rat platelets. CS-747 or vehicle was orally 
administered to rats 4 hr before blood collection. Fibrinogen binding was 
expressed as the percent of binding in 10 pM ADP-stimulated palatelets 
from control rats. Results are represented as the mean ± S.E.M. (n=6). 
♦rKO.05, **p<0.0i vs. control. 
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membrane (Fig. 10), indicating that an ex 
vivo inhibition of G-protein-coupkd P2T 
or P2Y, receptors by CS-747 occurred, * 
In addition, our study confirmed that 
CS-747 neutralized the ADP-mediated 
inhibition of PGE.-induced adenylyl 
cyclase activation in platelets, which is 
mediated by P2T AC receptors, and CS-747 
did not affect the P2Y r mediated platelet 
shape change (data not shown). These 
results suggest that CS-747 inhibits 
platelet aggregation through selective 
interference of the P2T^ receptors on the 



4) Ex vivo effects of CS-747 on fibrino- 
gen binding 

Fibrinogen binding to activated glyco- 
protein Hb/EHa (GPEb/UTa) in platelets is 
known as the final common step for 
platelet aggregation *> Ex vivo effects of 
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CS-747 on ADP-induced fibrinogen bind- 
ing in SD rat platelets were examined 
ADP (0.3-10 UM) caused concentration- 
dependent ['^-fibrinogen binding to 
platelets in SD rats, which were given the 
vehicle. The ['"Ij-fibrinogen binding 
induced by ADP was inhibited in platelets 
from CS-747 (0.1-10 mg/kg, p.a)-treated 
i>D rats (Fig. 11). This inhibition by CS- 
747 was dose-dependent. These data indi- 
cate that CS-747 inhibits platelet aggrega- 
tion by preventing ADP-induced binding 
of fibrinogen to rat platelets through a 
P2TAC receptor blockade. 

5) Ex vivo effects of CS-747 on Ca* 
mobilization 

ADP-induced Ca" mobilization in 
platelets is induced by the activation of 
P2Y, and P2X, receptors In the present 
study, ex vivo effects of CS-747 on ADP- 
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R-1 25687 
R-125658 



R-1 25689 
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Concentration QiM) 

Fig. 13. In vitro effects of R425687, R-12568S, R-125689, and R-125690 on ADP 
(10 jj,M)-induced platelet aggregation in washed human platelet suspen- 
sions. Results are represented as the mean ± S.EM. (n~6). 



induced Ca 2 * mobilization in SD rat 
platelets were examined 4 hr after dosing. 
In the presence of external Ca*- (1 mM), 
ADP (3 |iM) induced an increase in 
intraplatelet Ca 2 * concentrations. There 
were, however, no changes in ADP (3 
(xM)-induced Ca 1+ mobilization in the 
vehicle- nor CS-747 (10 mg/kg, p+o.)- 
treated SD rat platelets (Fig, 12). These 
data indicate that CS-747 has no activity 
on ADP-induced Ca 2+ mobilization in 
platelets, which suggests that it possesses 
no P2Y, or P2X L antagonistic activity. 

6) Active metabolite of CS-747 

CS-747 (100 |iM) did not affect ADP- 
induced in vitro platelet aggregation of SD 
rat or human PRP but showed potent 
antiplatelet and antithrombotic effects in 
vivo as described above, suggesting the 
presence of an active metabolite for CS- 



747. In vitro effects of R-99224, an in vivo 
metabolite of CS-747, on platelet aggrega- 
tion were examined using PRP from sev- 
eral experimental animal species, R-99224 
(0.753-753 |0M) inhibited in vitro platelet 
aggregation, in a concentration-dependent 
manner. The IC 50 values in SD rats, 
humans, cynomolgus monkeys, beagle 
dogs, and Japanese white rabbits were 
44.9 pM (rat), 15.2 pM (human), 31,8 \M 
(monkey), 7.3 |iM (dog), and 22.1 
(rabbit), which suggests that R-99224 is 
an active metabolite of CS-747. R-99224 
also inhibited [ 3 H]-2-MeS-ADP binding to 
platelets, and neutralized ADP-mediated 
inhibition of PGE r induced adenylyl 
cyclase activation in platelets (data not 
shown), suggesting that R-99224 has an 
antagonistic activity on P2T AC receptors. 

R-99224 is a mixture of two enan- 
tiomers: R-125688 (7a=S, V=R) and R- 
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125690 (7a=*, V=S). R-100364 (a mix- 
ture of two enantiomers: R-125687 (7a=S, 
V=:S) and R-125689 (7a=fl, l'=J?)) is the 
diastereomer of R-99224, In vitro- activi- 
ties of these four enantiomers on ADP- 
induced human platelet aggregation were 
examined using washed platelets. All of 
the enantiomers (0.0238-79.2 |nM) inhib- 
ited platelet aggregation in a concentra- 
tion-dependent manner, with the following 
order of potency: R-125690 > R-125689 > 
R-125687 = R-125688 (Fig. 13), The IC 30 
values were 0,19 |XM for R~125690 7 3,1 
JIM for R-125689, 28 fiM for R-125687, 
and 36 jiM for R-125688. These results 
show that R-125690 has the most potent 
antiplatelet activity among the four enan- 
tiomers. 

5. Conclusion 

The results of the pharmacological stud- 
ies indicate that CS-747 is an orally active 
antiplatelet agent, which produces dose- 
dependent and cumulative antiplatelet and 
antithrombotic effects with rapid onset 
and long duration of action. The effects of 
CS-747 are more potent than those of 
clopidogrel and ticlopidine* These potent 
activities are mainly mediated by an active 
metabolite: R-125690 (an enantiomer of 
R-99224), via a selective VIT^ receptor 
blockade. In addition, CS-747 has a rela- 
tively moderate antihemostatic potency at 
therapeutic doses. These data strongly 
suggest that CS-747 would be a useful 
antithrombotic agent in vascular throm- 
boembolic disorders. 

(Atsuhiro Sugidachi) 



IV. Absorption, Distribution, 
Metabolism, and Excretion 
in Animals 

The metabolism and pharmacokinetics 
of CS-747 were investigated after oral and 
intravenous administrations of labeled or 
non-labeled CS-747 to male Wistar- 
Imamichi rats, male beagle dogs, and male 
cynomolgus monkeys. 

1. Absorption 

1) Plasma concentration 

l4 C-CS-747 (Fig. 1) in solution (5% 
dimethylacetamide-95% polyethylenegly- 
col 400) was administered orally or intra- 
venously to male rats at a dose of 5 
mg/kg, and the plasma and blood concen- 
trations of the radioactivity were deter- 
mined using a liquid scintillation counter. 
The AUG (0-24 hr) value for the total 
radioactivity in plasma after oral adminis- 
tration was 54.73% of that after intra- 
venous administration. 

Assay methods by liquid chromatogra- 
phy/atmospheric pressure chemical ioniza- 
tion-mass spectrometiy/mass spectrometry 
(LC/APCI-MS/MS) were established for 
the main plasma metabolites: the 2-oxo 
compound (R-95913), a metabolite pro- 
duced before formation of the pharmaco- 
logically active SH compounds (R- 104434 
and R-99224) , and the 5-methyl com- 
pounds (R-106583 and R-100932), 
metabolites produced after the SH com- 
pounds, in the metabolic pathway (Chart 
1). The quantitative measurement of the 
SH compounds was difficult to achieve 
due to their apparent instability, although 
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Fig. L Chemical structure of u C-CS-747 
♦Position labeled with H C 



they were detectable in the plasma at a 
level of [Xg/mL As shown in Fig. 2, all 
three metabolites described above were 
detected in plasma samples of rats, dogs* 
and monkeys after oral administration at a 
dose of 1 mg/kg. The linearity of the phar- 
macokinetics was demonstrated in dogs 
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after oral administration at doses of 0.5, 
1.0, and 2.0 mg/kg (Fig. 3). 

2) Absorption ratio 

As will be described later, the ratio of 
absoiption in rats, calculated as the ratio 
of the biliary excretion of the total 
radioactivity after oral administration of 
w C-CS-747 to that after intravenous 
administration, had a relatively high value 
of 67.6%. The absorption ratio in rats, 
evaluated by the urinary excretion ratios 
after oral and intravenous administration, 
was 85.2%. These results indicate high 
oral absorption after administration of CS- 
747, 
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Chart L Proposed metabolic pathway of CS-747 
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Fig. 2. Time courses of plasma concentrations of R-106583, R-100932 and R-95913 after a single oral 
administration of CS-747 to male rats, monkeys and dogs at a dose of 1 mg/kg. Data are represented 
as the mean ± S.D. 




Dose (mg/kg) 

FSg. 3. Dose-AUC relationship after oral adminis- 
tration of CS-747 to dogs. Data are repre- 
sented as the mean± S.D. 



2. Distribution 

After oral and intravenous administra- 
tions of "C-CS-747 in solution (5% 
dimethylacetamide-95% polyethylenegly- 
col 400) to male rats at a dose of 5 mg/kg, 



one animal was sacrificed at each data 
point, and sagittal whole-body sections 
were prepared to investigate the distribu- 
tion of the radioactivity by whole-body 
autoradiography. 

At 30 min after oral administration (Fig, 
4), the highest radioactivity was observed 
in the liver, followed by the kidneys, 
lungs, blood, adrenal glands, and heart. 
The concentrations in other tissues and 
organs were lower than the blood concen- 
tration. The concentration in the central 
nervous system was negligible. At 1 hr 
after oral administration, the liver still 
showed the highest radioactivity. The dis- 
tribution profile of the radioactivity was 
very similar to that observed at 30 min 
after administration. At 3 hr after adminis- 
tration, the radioactivity in the animal 
body markedly decreased. The liver 
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Fig. 4. Whole-body autoradiograms after oral administration of ,J C-CS-747 to rats at a dose of 5 mg/kg 



showed the highest radioactivity, followed 
by the kidneys, lungs, adrenal glands, 
blood and heart. At 24 hr after administra- 
tion, most of the radioactivity had been 
eliminated from the animal body. The 
highest radioactivity was observed in the 
intestinal contents, and relatively high 
radioactivity was observed in the liver, 
indicating enterohepatic circulation. Low 
radioactivity was also detectable in the 
blood and lungs. 

At 30 min after intravenous administra- 
tion (Fig. 5), the highest radioactivity was 
observed in the contents of the stomach, 
indicating gastric secretion. The distribu- 
tion profile of the radioactivity was similar 
to that after oral administration. The liver 



showed the highest radioactivity, followed 
by the kidneys, brown fat, lungs, adrenal 
glands, heart, and blood. Thereafter, distri- 
bution of the radioactivity in the whole 
body, over time, showed a similar course 
to that seen after oral administration. 

3. Metabolism 

The predicted metabolic pathway of 
CS-747, based on the biliary metabolites 
of rats and on the plasma metabolites of 
rats and dogs, is shown in Chart L The 
structures enclosed in the brackets are 
those for the intermediate metabolites 
which have not yet been isolated. The 2- 
oxo compound (R-95913), the SH com- 
pounds (R-104434 and R-99224), the S- 



26 



Asai, F. et at: CS-747, a New Platelet ADP Receptor Antagonist 



30 rain 



Adrenal gland Gastric content 




Urine in" bladder"' " Thymus 

Kidney Sgleen Lung 



it 



Heart 

B .° ne .v^ OW Brown fat 



Testis ' \ 

Liver Blood in heart 



Gradation bar 



Low 70 



High 201 
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methyl compounds (R-l 00932 and R- 
106583), and the disulfides of the SH 
compounds with cysteine (R-l 19251 and 
R-l 18443) were detected as the main plas- 
ma metabolites in rats and dogs. These 
metabolites were also detected in monkey 
plasma, as shown in Fig. 2 S indicating that 
there is no marked species difference in 
the metabolic pathway. Of these plasma 
metabolites, only the SH compound (R- 
99224) showed antiplatelet activity in 
vitro, as described in the previous chapter 



on pharmacology. The metabolites detect- 
ed in the plasma of rats were also detected 
in their bile. The 5-oxide form metabolites 
(R-114151 and R-l 14732) were found as 
predicted by the metabolism reported for 
other sulfur-containing xenobiotics. 
Hydroxylated metabolites of the S-methyl 
compounds at an unknown position of the 
piperidine ring were also detected. 

Therefore, the major metabolic pathway 
of CS-747 was considered to consist of the 
following reactions; deacetylation (hydrol- 
ysis) of CS-747 to the 2-oxo compound 
(R-95913); thiolactone ring-opening reac- 
tion of the 2-oxo compound to the SH 
compounds (R-104434 and R-99224); 
disulfide formation of the SH compounds 
with cysteine (R-l 19251* and R-l 18443); 
S-methylation of the SH compounds to the 
^-methyl compounds (R- 100932 and R- 
106583); S-oxidation of the S- methyl 
compounds to the 5-oxide compounds (R- 
114151 andR-114732); and hydroxylation 
or glucuronidation of the 5-oxide com- 
pounds. 

Accumulating evidence indicates that 
the conversion of the 2-oxo compound to 
the SH compounds, which is the metabolic 
process producing the pharmacologically 
active metabolite, is catalyzed by 
CYP3A4, the isoform of cytochrome P450 
present in almost all humans. The disuL 
fide-type cysteine conjugates of the SH 
compounds were also the main metabo- 
lites in the bile, and indicated the presence 
of disulfide-type glutathione conjugates of 
the SH compounds as intermediate 
metabolites. The cysteine conjugate of R- 
99224 (R-l 19251) exhibited anti-platelet 
activity in vivo, which was considered to 
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i of the after hydrolysis of CS-747 (the intermedi- 
ate metabolite in brackets). The 2-thiocar- 

athway bonyl compound was detected predomi- 

t of the nantly in vitro. However, the glucuronide 

lydrol- of the 2-thiocarbonyl compound was 

ipound detected in the bile, demonstrating that 

I reac- this metabolism also occurs in vivo. 

he SH Ticlopidine and clopidogrel, the proto- 

2224); type drugs in this therapeutic field, do not 

pounds exhibit anti-platelet activity as such, and 

8443); have been indicated to produce active 

* to ^ metabolites through the action of 

ind R- cytochrome F450. Despite many efforts, 

lethyl however, the active metabolites of ticlopi- 

ds (R- dine and clopidogrel have not been suc- 

/lation cessfully isolated. Based on the CS-747 

com- metabolism, it is quite likely that the cor- 
responding SH-form metabolites are pro- 

: s that duced from these two drugs as their phar- 

•ind to ideologically active metabolites in vivo. 

abolic In our preliminary in vitro experiments 

;ically using rat liver, the mass spectrometric 

d by peak of the clopidogrel metabolite that 

l P450 possesses exactly the same molecular 

disul- weight as that calculated for the predicted 

SH SH-form metabolite for clopidogrel has 

rtabo- been found. Production of this assumed 

sence active metabolite from clopidogrel was 

■ tes of low, at a level of about 1/10 of the produc- 

diate tion of the SH compound from CS-747 

°f R~ under the same conditions. The assumed 

a tetet active metabolite of clopidogrel is thought 

:ed to to require 2 successive enzymatic oxida- 



27 

tions of the parent drug, namely, the for- 
mation of the 2-oxo form from clopidogrel 
followed by conversion of the 2-oxo form 
to the SH form. In contrast, the formation 
of R-99224, the SH compound of CS-747, 
needs only a single oxidation of R-95913, 
the 2-oxo compound, and therefore, a 
rapid and extensive production of the 
active metabolite from CS-747 compared 
to clopidogrel is quite convincing. 

4, Excretion 

Up to a period of 72 hr after oral admin- 
istration of w C-CS-747 in solution to male 
Wistar-Imamichi rats (5 mg/kg), 20.7 ± 
0.9% and 73.2 ± 7.3% (mean ± S.D.) of 
the dose administered were excreted in 
urine and feces, respectively (total recov- 
ery ratio: 93,9 ± 8,1%). After intravenous 
administration, 24.3 ± 0.6% and 74.5 ± 
1 .7% of the dose were excreted in urine 
and feces, respectively (total recovery 
ratio: 98.8 ± 1.0%). 

Up to a period of 24 hr after oral and 
intravenous administration of "C-CS-747 
to bile-fistula rats (5 mg/kg), the amounts 
of radioactivity excreted in the bile were 
51.29 ± 1.65% and 75.89 ± 3.82% of the 
dose, respectively. 

Up to a period of 144 hr after oral 
administration of "C-CS-747 in solution 
to male beagle dogs (5 mg/kg), 31,2 ± 
0.3% and 60.3 ± 1.2% of the dose admin- 
istered were excreted in urine and feces, 
respectively (total recovery ratio: 91.4 ± 
1.5%). 

Therefore, the main route of excretion 
was demonstrated to be the fecal pathway 
via biliary excretion, both in rats and dogs. 
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5. Conclusion 

CS-747 was metabolized extensively in 
rats, dogs, and monkeys, and the un- 
changed compound was not detected in 
plasma in any of the three animal species. 
The 2-oxo compound, SH compounds, 
and 5-methyl compounds were detected in 
common as the main metabolites in plas- 
ma in these animal species* Relatively 
good absorption of CS-747 in rats was 
indicated, as judged by biliary and urinary 
excretions of the total radioactivity after 
oral administration in comparison to those 
after intravenous administration (68.93 
and 85,19%, respectively). The S-oxide 
compounds, as well as the hydroxylated 
and/or conjugated metabolites, were 
detected in rat bile, demonstrating that 
metabolism proceeds further. Of the 
metabolites found in the plasma and bile, 
only the SH compounds exhibited the 
anti-platelet activity in vitro. Distribution 
of the radioactivity was high in the liver, 
kidneys, adrenal glands, blood, lungs and 
heart, while almost no uptake by the cen- 
tral nervous system was observed after 
administration to rats. About 60-75% of 
the dose and about 25-30% of the dose 
were excreted in the feces and urine, 
respectively, after administration to rats 
and dogs. 

(Toshihiko Hceda) 

V. Safety Evaluations in Animals 

1. Single-dose and Escalating-dose 
Studies 

The methods and results obtained are 
summarized in Table 1. 



1) Single-dose study in mice and rats 
CS-747 was orally administered to 

RFVL mice at a dose of 2000 mg/kg. No 
animals died during the study period. No 
changes in clinical signs were observed in 
any animals. Excretion of yellowish- 
brown urine within 2 days after adminis- 
tration was observed in all animals. There 
were no adverse effects observed in gross 
pathological examinations of any animals 
at autopsy. 

CS-747 was orally administered to 
F344 rats at doses of 1000 or 2000 mg/kg. 
No animals died during the study period. 
Mydriasis and yellow-brown changes in 
urine color were observed in all animals. 
Irregular respiration, reduction of locomo- 
tor activity, ptosis, lacrimation, and stag- 
gering gait were observed in female rats 
that received 2000 mg/kg. There were no 
adverse effects observed in gross patho- 
logical examinations of any animals at 
autopsy. 

From the above results, CS-747 is con- 
sidered to be relatively non-toxic in mice 
and rats after acute administration of 
doses up to 2000 mg/kg. 

2) Increasing-dose study in dogs 
CS-747 was administered orally at daily 

increasing doses of 10, 30, 100, 300, 1000 
and 2000 mg/kg to one animal of each sex 
in beagle dogs. Animals were observed for 
14 days after administration of 2000 
mg/kg. Emesis was observed after admin- 
istration at doses of 300 mg/kg or more. 
Inhibition of platelet aggregation, which 
was thought to be attributable to pharma- 
cological action, was observed in hemato- 
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Table L Summary of single-dose toxicity studies 

:ats Species Route Dose (mg/kg) Minimum Results 

red to (Strain) (Vehicle) lethal 

<g. No Sex/Group [Dose volume] dose 

3d. No Total (rag/kg) 

rved in Age 

>wis}l Mouse Oral 2000 " >2000 -Yellowish brown urine (all animals) 

minis! C RFVL > < a5%TG > 
10M+10F E20 ml/kg] 

There 20 

1 ST° SS 4 weeks 

nimals Rat Oral 1000 >2000 -Mydriasis, yellowish brown urine 

(F344) (0,5% TG) 2000 ' (all animals) 

red to 5M+5F [10-20mVkg] -Irregular respiration, reduction of 

-gi^g 20 locomotor activity, lacrimation, and 

Derioc j 5 weeks staggering gait (females, 2000 mg/kg) 

ges in Doi* Oral 10 >2000 -Emesis (>300mg/kg) 

7 , (Beagle) (GC) 30 -ALP T , atrophy of liver cells, 

limais. 1M+IF 100 ground-glass appearance of 

COmo- 2 300 liver cells (2000 rng/kg) 

!stag- 16 and 11 1000 

le rats months 2000 

ere no M-rnale; F=femate; TG=Tragacanth gum; GOgelatin capsule; ALP^alkaline phosphatase, 

patho- *Increasing-dose study. 
ials at 

s con- 

x mice logical examination. After administration groups of ten F344 rats of each sex at 

.on of of 2000 mg/kg, serum biochemical analy- dosage levels of 0, 10, 30, 100, or 300 
sis revealed an increase in alkaline phos- mg/kg/day for 3 successive months. Toxi- 
phatase; furthermore, atrophy of liver cells cological evaluation was carried out by 
and a ground-glass appearance of liver cell analyzing the results of the following 

t daily cytoplasm were evident in pathological examinations: general conditions, body 

, 1000 examinations, weight, food intake, hematology, blood 

ch sex chemistry, ophthalmology, and pathology, 

'ed for 2. Repeated-dose Studies No animals died during the study peri- 

2000 The methods and results are summa- od. The following changes were attributed 

.dmin- rized in Table 2. to the effects of CS-747 treatment, based 

more. on differences compared with the control 

which 1) Three-month oral administration in level and dose dependency: the color of 

tarma- rats urine (yellow), in the 300 mg/kg male and 

smato- CS-747 was orally administrated to female groups; decreases in body weight, 
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TabIe 2 - Summary of repeated-dose toxicity studies (rat and dog) 



Species 

(Strain) 

Sex/Group 

Total 

Age 



Route 
(Vehicle) 
[Dose vol] 



Daily 

dose 

(mg/kg) 



Duration 



Highest 
non-toxic 
dose 
(mg/kg) 



Results 



Rat 

(F344/Du Crj) 

10M+10F 

100 

7 weeks 



Oral 

(0.5% TG) 
[5mI/kgJ 



VC 
10 
30 
100 
300 



Dog 
(Beagle) 
3M+3F 
24 

10-20 months 



Oral 

(GC) 



VC 
0.8 
4 

20 



3 months 



3 months 100 -Yellow urine (300 mg/kg) 
-Body weight I (300mg/kg) 
-Platelet number t (males, >100mg/kg; 
females, 300 mg/kg) 
-Elongation of prothrombin time 
(males, >30 mg/kg) 
-Elongation of activated partial 
thromboplastin time (>100 mg/kg) 
Liver weight t (males, >100 mg/kg; 
females, >30 mg/kg) 
-Hypertrophy of liver cells 
(males, >100 mg/kg; females, 
300 rag/kg) 



M=male; F=female; VC=vehicle control; TG=Tragacanth gum; GC=geIatin 



-Hypertrophy and ground-glass 
appearance of liver cells (>4 mg/kg) 
-Plasma ALP t , total cholesterol I 
(20 mg/kg) 

-Slight proliferation of smooth 
endoplasmic re ticulum (20 mg/kg) 

capsule. 



in the 300 mg/kg male and female groups; 
increases in the number of platelets, in the 
100 mg/kg or more male and 300 mg/kg 
female groups; prolongation of prothrom- 
bin times, in the 30 mg/kg or more male 
groups; prolongation of activated partial 
thromboplastin times, in the 100 mg/kg or 
more male and female groups; increases in 
liver weight, in the 100 mg/kg or more 
male and 30 mg/kg or more female 
groups; and hypertrophy of liver cells, in 
the 100 mg/kg or greater male and 300 
mg/kg female groups. 
Therefore, the non-toxic dose of CS- 



747 in the present study was determined to 
be 100 mg/kg. 

2) Three-month oral administration in 
dogs 

CS-747 was administered, in gelatin 
capsules, at doses of 0, 0.8, 4, or 20 
mg/kg, for 3 months to groups of beagle 
dogs (three male and three female dogs 
per group). Clinical signs, body weight, 
food intake, water intake, and urine vol- 
ume were recorded, and liver function 
tests, kidney function tests, electrocardio- 
graphy, ophthalmological examination, 
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electroretinography, urinalysis, hemato- 
logical and blood biochemical examina- 
tions, and pathological examinations, 
including organ weight, gross pathology, 
and histopathology, were performed. 

In animals that received 0.8 mg/kg or 
more, decreased platelet aggregation 
activity, as the main pharmacological 
effect, was noted. In animals that received 
4 mg/kg or more, hypertrophy of hepato- 
cytes, accompanied by a ground-glass 
appearance of cytoplasm, was observed in 
the liver. Animals that received 20 mg/kg 
showed increased alkaline phosphatase 
activities and decreased total cholesterol 
levels in the blood biochemical examina- 
tion. Electron microscopic examination, 
conducted on the dosing group, revealed a 
slight proliferation of smooth surface 
endoplasmic reticulum in hepatocytes. 

It was concluded that 4 mg/kg and 20 
mg/kg represent non-toxic and toxic dose 
levels, respectively, in the present study. 

3. Mutagenicity 

1) Gene mutation assay of CS-747 in 
bacteria 

Tests were carried out with four Salmo- 
nella typhimuriitm strains, TA1535, 
TAI537, TA98, and TA100, and an 
Escherichia coil strain, B/r WP2 
(WP2uvrA), in combination with or 
absence of an S9 mixture, which is com- 
prised of a cofactor mixture with a post- 
mitochondrial fraction (S9) derived from 
male rat liver. The reverse mutation test 
was conducted at doses of 200, 500, 1000, 
2000, and 5000 jxg/plate, with 4 plates for 
each dose. There was no increasing 
response in the numbers of revertants in 



the test strains, either with or without the 
metabolic system. Therefore* CS-747 was 
estimated not to have mutagenic activity 
detectable in the test system adopted here- 



in. 



2) Chromosome aberration test of 
CS-747 

A chromosome aberration study on CS- 
747 was performed in a cell line estab- 
lished from the lung of a female Chinese 
hamster (CHL), to investigate possible 
genotoxicity. As a result, there were no 
significant changes in the incidence of 
cells possessing abnormal chromosomes, 
either in the direct method or the metabol- 
ic activation method, CS-747 was consid- 
ered not to induce chromosome aberra- 
tions under these test conditions. 

3) Micronucleus test of CS-747 in mice 
The micronucleus test on CS-747 in 

male ICR mice was performed to investi- 
gate possible genotoxicity. The micronu- 
cleus test was performed at doses of 400, 
800, or 1600 mg/kg, based on results 
obtained from a dose-finding study. Since 
four out of six animals died at 1600 
mg/kg, a 1000-mg/kg group was addition- 
ally incorporated- All treatment groups 
showed no statistically significant increase 
in micronucleated polychromatic erythro- 
cyte counts. CS-747 was shown to be 
devoid of micronuclei-inducing activity, 

4. Antigenicity 

1) Antigenicity study in guinea Pigs 

The CS-747 single oral-administration 
groups (0,3 mg/body and 3 nig/body) and 
the CS-747 plus Freund's complete adju- 
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vant (FCA) subcutaneous-administration 
groups (0.3 mg/body and 3 mg/body) of 
guinea pigs were provided as the immu- 
nized groups, and sodium 2, 4, 6-trini- 
trobenzenesulfonate dihydrate (TNBS) 
plus FCA subcutaneous-administration 
group (3 mg/body) was employed as the 
positive control. Antibody titer by passive 
cutaneous anaphylaxis (PCA) was not 
observed in any animals of the CS-747 
single oral- or CS-747 plus FCA subcuta- 
neous-administration groups* Systemic 
anaphylaxis (SANA) was also negative in 
all the immunized groups. 

Therefore, CS-747 is not considered to 
exhibit antigenicity. 

2) Antigenicity study in mice 

The CS-747 single oral-administration 
groups (0J nig/body and 1 mg/body) and 
the CS-747 plus alum intraperitoneal- 
administration groups (0.1 mg/body and 1 
mg/body) of A/J mice were provided as 
the immunized groups, and a TNBS plus 
alum intraperitoned-administration group 
(0,3 mg/body) was employed as the posi- 
tive control. IgE titer by rat PCA reaction 
was not observed in any animals of the 
CS-747 single oral- or CS-747 plus alum 
intraperitoneal-administration groups. 

Therefore, CS-747 is not considered to 
exhibit antigenicity. 

5. Reproductive Toxicity Studies 
1) Fertility study in rats 

CS-747 was orally administered, at 
doses of 30, 100, or 300 mg/kg, to groups 
of 24 male and 24 female CrhCD rats. 
Males were treated for 4 weeks prior to 
and throughout mating to termination. 



Females were treated for 2 weeks prior to 
and throughout mating up to and including 
Day 7 of presumed pregnancy On Day 15 
of presumed pregnancy, females were sac- 
rificed, subjected to postmortem examina- 
tion, and litter values were determined. 
Following the sacrifice of the females on 
Day 15 of presumed pregnancy, males 
were sacrificed and subjected to post- 
mortem examination. 

Treatment was associated with bright 
yellow staining of the tray paper under all 
cages of females in the groups given 30 
mg/kg or more. In the 100 mg/kg group, 
body weight gains of both sexes during 
the pre-mating treatment period were sig- 
nificantly lower than in the controls. There 
were no obvious adverse effects on fertili- 
ty or early embryonic development to 
implantation in any groups* 

Based on the above results, the non- 
toxic dose, in terms of general toxicity in 
parent animals, is considered to be 30 
mg/kg, and that in terms of maternal 
reproductivity and development of Che 
next generation, is considered to be more 
than 300 mg/kg. 

2) Teratogenicity study in rats 

CS-747 was orally administered, at 
doses of 30, 100, or 300 mg/kg, to groups 
of 24 mated female Crl:CD rats, once 
daily, from Days 7 to 17 inclusive of pre- 
sumed pregnancy. On Day 20 of presumed 
pregnancy, animals were sacrificed and 
subjected to postmortem examination, lit- 
ter values were determined, and fetuses 
were examined for gross external abnor- 
malities. Fetuses were subsequently sexed 
and subjected to detailed visceral or skele- 
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deluding * A significant reduction in food intake 

i Day 15 during the first 7 days of treatment, and 

/ere sac- higher water intake during the first 3 days 

txamina- of treatment, were also observed in the 

ormined. 300 mg/kg group, There was a slight but 

dales on significant reduction in mean fetal weight 

r s males in the 300 mg/kg group. There were no 

to post- obvious adverse effects on the develop- 
ment of the fetuses in die 30 or 100 mg/kg 

h bright groups. 

inder all Based on the above results, the non- 
liven 30 toxic dose, in terms of general toxicity in 
I group, pregnant females, is considered to be 30 
j during mg/kg, and that in the terms of maternal 
'ere sig- reproductivity is considered to be more 
s. There than 300 mg/kg, The non-toxic dose for 
a fertili- development of the next generation is con- 
sent to sidered to be 100 mg/kg. 

he non- 6. Comparative Toxicity Studies 

deity in The methods and results are summa- 

d be 30 rizedinTable3. 

aternal 

t of the 1) Toxicity study on CS-747 and clopi- 

3e more dogrel in rats 

A study was conducted to compare the 
oral toxicity of CS-747 and clopidogrel. 
CS-747 or clopidogrel was given orally to 

sred, at groups of 10 male and 10 female F344 

i groups rats for 28 consecutive days. Dose levels 

s, once were 100 or 400 mg/kg for each com- 

of pre- pound. The following changes were attrib- 

•esumed uted to the effects of CS-747 or clopido- 

:ed and grel treatment, based on differences com- 

ion, lit- pared with the control: mydriasis, suppres- 

f etuses sion of body weight gain, and decreases in 

abnor- food intake, in the groups given 400 

y sexed mg/kg of CS-747; salivation and decreases 

t skele- in food intake, in the groups given 400 
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mg/kg of clopidogrel; and the color of 
urine (yellow), in all groups given either 
substance. In the hematological or blood 
biochemical examinations, the following 
changes were observed in all groups given 
either substance: lower red blood cell 
counts, hematocrit, hemoglobin, alkaline 
phosphatase, total bilirubin, and triglyc- 
eride; higher platelet counts, total choles- 
terol, total protein, albumin, and calcium; 
and elongation of activated partial throm- 
boplastin times. Low values of glucose, 
and high values of urea nitrogen, were 
observed in the groups given CS-747. In 
the pathological examination, the follow- 
ing were observed: increases in liver 
weight, in the group given 100 mg/kg of 
clopidogrel, and in the groups given 400 
mg/kg of either compound; hypertrophy of 
liver cells, and hypertrophy of follicular 
epithelium of the thyroid, in all groups 
given either compound; proliferation of 
smooth endoplasmic reticulum (SER) of 
liver cells, in the groups given 400 mg/kg 
of either compound; and regeneration of 
tubular epithelium, and erythrocyte casts 
and acidophilic crystals in the tubular 
lumens of the kidney, in the group given 
400 mg/kg of clopidogrel. In summary, 
although several changes attributable to 
dosing of CS-747 or clopidogrel were 
observed, no differences in the quality or 
intensity of the changes were found 
between animals given either compound. 

Therefore, it was concluded that there 
are no significant differences in the toxici- 
ty of CS-747 and clopidogrel to rats. 
However, it was concluded that CS-747 is 
less toxic than clopidogrel in terms of 
effect on the kidney. 
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•Table 3. 



Summary of comparative toxicity studies on CS^747 and clopidogrel 



Species Route Daily 

(Strain) (Vehicle) dose 

Sex/Group [Dose vol.] (mg/kg) 
Age 



Duration Results 



Rat Oral VC 

(F344/DU Crj) (0.5% TG) CS-747 
10M+10F [5 ml/kg] or 
20 Clopidgrel 
7 weeks 100 
400 



Dog 
(beagle) 
2M+2F 
7-8 months 



Oral 
(GC) 



VC 

CS-747 
or 

Clopidgrel 
4 

20 

50 
100 



28 days At 400 mg/kg of CS-747 

Suppression of body weight gain 
At 400 mg/kg of clopidgrel 
-Salivation, food consumption I 
-Regeneration of fibula epithelium and erythrocyte 
casts and acidophilic crystals in the kidney 
At400rngflcgofboth 
-Yellow urine, food consumption I 
-Plasma RBC counts i , hematocrit I , 
hemoglobin 1 ,ALP i , total bilirubin I ( 
triglyceride I , platelet counts t , 
total cholesterol t t total protein t , albumin f 
-Liver weight t 

-Hypertrophy of liver cells and follicular 

epithelium of the thyroid 

-Proliferation of SER in liver 

28 da ys At 20 mg/kg or more of Clopidgrel 

-Emesis 

-Erosion, ulcer formation, regeneration in mucous 

membrane of the stomach 

At 20 mg/kg or more of CS-747 

-Increase of ALP value in plasma 

At all doses of both 

-Ground-glass appearance in cytoplasm in liver 
-Increase of P-450 content and decrease of ACD 
iu liver, liver weight t 



M=male; F=female; TG=Tragacanth gum; 
phosphatase. 



GC=gelatin capsule; VO=vehicle control; ALP=aIkaline 



2) Toxicity study on CS-747 and clopi- 
dogrel in dogs 

CS-747 or clopidogrel was adminis- 
tered to beagle dogs over a period of 28 
days. The dose levels of CS-747 and 
clopidogrel were 4, 20, 50, or 100 mg/kg. 
Each group consisted of two subjects of 



each sex. During the administration peri- 
od, observation of clinical signs, measure- 
ment of body weight and food consump- 
tion, urinalysis, liver function tests, hema- 
tological examinations, and blood bio- 
chemical examinations were carried out. 
At the termination of the dosing period, 
pathological examination and measure- 
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ment of drug-metabolizing enzymes in the 
liver were conducted. 

After administration of clopidogrel, 
vomiting was observed, and pathological 
examination revealed erosion, ulcer for- 
mation and regeneration in the mucous 
membrane of the stomach in animals that 
received 20 mg/kg or more. These were 
considered to be dopidogrel-specific toxic 
changes* There were no specific toxic 
changes after administration of CS-747. 
Treatment-related changes, which were 
seen after administration of both com- 
pounds, included: reduced platelet aggre- 
gation on hematological examination; 
increased alkaline phosphatase activity on 
blood biochemical examination; increased 
P450 content and decreased 7-alkoxy- 
coumarin O-dealkylase (ACD) activity in 
the liver; increased liver weight, hypertro- 
phy and ground-glass appearance in the 
cytoplasm of hepatocytes in the pathologi- 
cal examination; and proliferation of 
smooth endoplasmic reticulum (SER) and 
formation of membrane whirls in hepato- 
cytes on electron microscopy. There were 
no considerable differences in the degree 
or frequency of appearance of these 
changes between the two compounds. 

Based on these results, it was concluded 
that CS-747 has a less toxic effect than 
clopidogrel, since toxic changes were seen 
in the stomach after administration of 
clopidogrel 

7, Conclusion 

The toxicology studies indicate that the 
highest non-lethal single dose of CS-747 
is 2000 mg/kg in mice and rats; therefore, 
the minimum lethal dose in mice and rats 



is more than 2000 mg/kg. Accordingly, 
the lowest toxic dose after a 90-day treat- 
ment in rats is 100 mg/kg, and that in dogs 
is 4 mg/kg. CS-747 has no mutagenicity, 
antigenicity, nor teratogenicity. The com- 
parative studies conclude that CS-747 is 
less toxic than clopidogrel in rats and 
dogs, 

(Atsushi Sanbuissho) 

VI. Clinical Evaluation (Clinical 
pharmacology studies) 

Three studies in Phase I: single-dose, 
multiple-dose, and food-effect studies of 
CS-747, were performed at Inveresk Clini- 
cal Research Ltd, in the U.K., to charac- 
terize the pharmacodynamics, pharmaco- 
kinetics, and safety features of CS-747, 
after single and multiple oral administra- 
tions in healthy Caucasian male volun- 
teers. Table 1 shows protocol synopses for 
the studies. 

1. Pharmacokinetics 
1) Assay methodology 

A validated LC-MS/MS was developed 
for quantification of the three major 
metabolites of CS-747: R-95913, R- 
100932, and R-106583, in human plasma. 
The metabolites, instead of the pharmaco- 
logically active, SH compound (R-99224, 
see the previous chapter on ADME), in 
plasma were analyzed following solid 
phase extraction. There was no component 
present in the human plasma that inter- 
fered with the quantification. The limit of 
quantification for the three metabolites 
was 1.56 ng/ml in human plasma. 
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Table 1. Protocol synopses of the CS-747 Phase I studies 



Study 


Single-dose 


Food-effect Multiple-dose 


Design 


Double-blind 
Placebo-controlled 


2-way crossover Double-blind 
(single dose) Placebo-controlled 
10 days (once daily) 


Subjects 


Healthy males (n=5) 


Healthy males (n=6) 


Dose 


2,5,10, 30, 75 mg 
Placebo 


25mg Z5,10mg 
Placebo 


Evaluation 


1, PD'> 


Platelet aggregation (ADP, collagen) 
Bleeding time (Ivy method) 


2. PK?> 


Hie main metabolites in plasma 


3. Safely 


Hematology, clinical chemistry, urinalysis ECG, rundoscopy, examination for 
petechiae, checking vital signs, etc. 



^Pharmacodynamics; ^Pharmacokinetics. 



2) Pharmacokinetic profiles 
i) Single-dose study 

CS-747 was orally administered to 
healthy Caucasian male volunteers at sin- 
gle doses of 2.5, 10, 30, and 75 mg. Plas- 
ma concentrations of the three metabolites 
after administration in the fasting state at a 
dose of 10 mg are shown in Fig. 1, and the 
pharmacokinetic parameters are listed in 
Table 2. The maximum plasma concentra- 
tion (CJ and the area under the plasma 
concentration (AUC) ^ of the metabolites 
increased proportionally to the dose 
administered, from 2.5 to 75 mg (Fig, 2). 
On the other hand, the other pharmacoki- 
netic parameters, the time to reach maxi- 
mum plasma concentrations (T^J, and the 
mean residence time (MRT) t of the 
metabolites were almost similar to those 
of the 10-mg dose group. These three 
metabolites appeared in the plasma soon 
after administration, and reached the C^ 



100 r 



BQ - 




0 4 B U 16 20 24 

Time (hr) 



Fig. 1. Plasma concentrations of the metabolites 
after a single administration of CS-747 at a 
dose of 10 mg (mean ±S.D.) 

in 1 hr. The metabolites were rapidly elim- 
inated from the plasma, with MKTs of 2-6 
hr after the T ra(Jc . The most abundant 
metabolite was R-106583, which is an S- 
methylated compound of the active 
metabolite (R-99224, see the previous 
chapter on pharmacology). The concentra- 
tion in human plasma was much higher 
than those in the laboratory animals tested. 
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Table 2, Pharmacokinetic parameters of the metabolites after a single administration 
of CS-747 at a dose of 10 mg 









-R-95913 


R-1065S3 


R-100932 


led 


AUCo-24 

MRTo-24 


(ng-hr/ml) 
(ng/ml) 
(hr) 
(hr) 


53.2 + 23.8 
30,0 ±15.4 
0.8 ± 0,3 
2.5 ± 1.0 


324,5 ±57.3 
71.5 ±17.3 
1.1 ± 0,2 
6.3 ± 0.7 


62.4 + 21.7 
28.9 ± 8.8 
0.9+ 0,2 
2,3+ 0,7 



Data are expressed as the mean ± S,D. 
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Fig. 2* Relationship between the dose and PK 
parameters of the three metabolites after 
single administrations of CS-747 (mean ± 
S.D.) 



These results indicate that the gastroin- 
testinal absorption of CS-747 is rapid and 
proportional to the dose tested, after a sin- 
gle administration. It was suggested that 
CS-747 was efficiently converted to the 
active metabolite soon after absorption, 
and that this metabolic pathway was more 
dominant than the other pathway, espe- 
cially in humans, in comparison with the 
animals. 

ii) Food-effect study 

The effect of food on pharmacokinetics 
was evaluated in 6 healthy male volunteers 
after a single oral administration of CS- 



747 at a dose of 25 mg, in a crossover 
study. The pharmacokinetic parameters of 
the most abundant metabolite, R-106583, 
are listed in Table 3, Food intake signifi- 
cantly delayed T^ by 1 to 2 hr. But there 
were no significant differences in the 
AUC^, C^, and MRT M , for this metabo- 
lite between the fed and fasting regimens. 
This result indicates that meals hardly 
affect the pharmacokinetic profile of CS- 
747, except for the 1- to 2- hr delay in the 
absorption* 

iii) Multiple-dose study 

CS-747 was orally administered to 
healthy male volunteers, after breakfast, at 
doses of 2.5 and 10 mg, once daily for 10 
days. A series of blood samplings on Days 
1, 5 t and 10, and also trough sampling 
before dosing on Days 2, 3, 6, and 8, were 
performed to investigate the steady-state 
plasma concentration of the metabolites. 
The plasma concentration profile of the 
metabolites during the treatment of CS- 
747 is shown in Fig. 3. Pharmacokinetic 
parameters of the metabolites are listed in 
Table 4. There was little difference in the 
pharmacokinetic profiles of CS-747 
between Days 1, 5, and 10, suggesting that 
there was no accumulation of the metabo- 
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lites after multiple administration. The 
plasma concentration of the metabolites 
reached a steady-state by Day 3. The 
AUC^ and the for the metabolites 
increased in proportion to the given doses 
of 2,5 and 10 mg of CS-747. The and 
MRTs of the metabolites were similar 
between the different dose groups. 

2* Pharmacodynamics 
1) Assay methodology 

Ex vivo platelet aggregation in platelet- 
rich plasma (PRP) induced by 20 jiM 
ADP or 2 jLlg/ml of collagen was measured 
by the method of Bom et aL Vi using a Bio- 



Data PAP-4 platelet aggregometer. The 
PRP after preincubation for about 3 min- 
utes at 37°C was mixed with 10 (Xl of ago- 
nist solution, and the resulting aggregation 
was monitored for about 4 min. Each sam- 
ple was assayed in duplicate for each ago- 
nist 

Bleeding time was measured according 
to the Ivy methods 

2) Inhibition of platelet aggregation 

i) Single-dose study 

As shown in Fig, 4, a more than 50% 
inhibition of ADP-induced platelet aggre- 
gation was achieved 2 hr after single CS- 



Tkble 3. Pharmacokinetic parameters of R-l 06583 in the food-effect study 







Fed 


Fasted 


AUQkm 


{ng-hr/ml) 


916.8± 113.7 


862.8 ± 


151.2 




(ng/ml) 


153.9 ± 30.5 


169.0 ± 


45.5 




(hr) 


Z5± 1.2 


1.2 ± 


0.3 


MRTo_ 24 


(hr) 


7.5 ± 1.2 


6.7 ± 


0,6 



Data are expressed as the mean ± SIX 
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O FM00932 
A R-95913 




8 9 10 11 



Fig. 3. Plasma concentrations of the metabolites after multiple administrations of CS-747 at a dose of 10 me 
(mean ± S.D.) B 
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iter. The Table 4. Pharmacokinetic prameters of the metabolites in the mxiltiple-dose study 



.t 3 min- 
1 of ago- 


1 0 me dose 

a.\j nig uujy 

Day 1 


R-95913 


R-106583 


R-100932 


jregation 


Ten* (hr) 


1.5 ± 


0.6 


23 A 0.8 


2.3 ± 0.8 


ach sam- 


C max (ng/ml) 


17,1 ± 


7.0 


66.4 ± 18.3 


16.7+ 5.4 


ach ago- 


AUQ>_„ (nghr/ml) 


51.7 ± 


11,1 


549.6 ±133.8 


73.0 ± 21.9 




Day 5 










ccording 


T flirt 

-i max \ m J 


1.7 ± 


1.2 


2.5 ± 1.2 


2.3 ± 1.4 




Cjax (ng/ml) 
AUCo^ (ng-hr/ml) 


21.9 + 
64,9 ± 


14.2 
26.9 


72,3 ± 11,5 
537.2+ 95.2* 


17.6+ 5.3 
79.0 ± 18.9 


tion 


Day 10 












T,v (hr) 

* mix \ / 


1.7 ± 


0.5 


2.2 ± 1.0 


1.8 ± 0.4 


tan 50% 


Qo» (ng/ml) 


22.3 ± 


12.1 


68.6 ± 12.1 


17.0 ± 6.1 


it aggre- 


AUQ^ (ng-hr/ml) 


69,4 ± 


36.0 


495.4 ± S9.1* 


79.4+ 20.9 


igle CS- 


2 5 me dose 

***** JLU£ mVJV 

Day 1 












T ra « (hr) 


1.7 ± 


0.5 


2.2 ± 1.0 


2.2 ± 1.0 




(ng/ml) 


3.9 ± 


1.8 


18.1 + 6.4 


3.4 ± 0.8 




AUCft^ (ng.hr/ml) 


N.A. 


1S2.2± 70.2 


N.A. 




Day5 












T max (hi) 


1.5 ± 


0.6 


2.3 ± 0.8 


1.8+ 0.4 




Cm* (ng/ml) 


3,3 ± 


1.2 


18.3+ 6.0 


2,9 ± 0,9 




AUCq^ (ng-hr/ml) 


N.A. 


206.6 ± 61.2* 


N.A, 




Day 10 












T,™ (hr) 


1.7 ± 


0.5 


2,2 ± 1.0 


1.8 ± 0.4 




Cmax (ng/ml) 


4.6 ± 


1.3 


19.9 ± 9,5 


3.5 ± L.5 




AUCo_« (ng-hr/ml) 


N.A. 


209.4 ± 72,8* 


N.A. 



Data are expressed as the mean + S.D. 
"N.A." means statistics were not applicable. 
*AUCW 



747 administrations of 30 and 75 mg, and 
the inhibition lasted for at least 48 hr. This 
onset time coincided with the of the 
metabolites of CS-747 (the average T^at 
single doses of 30 and 75 mg were 
between 0,6 and 1.5 hr). When compared 
with the published clinical data for clopid- 
grel 38> 3 these results show that CS-747 was 



a more potent antiaggregatory agent with 
a more rapid onset The platelet aggrega- 
tion activity in both of these dose groups 
returned to the baseline, 7 days after 
administration These results are consis- 
tent with the contention that CS-747, 
when orally administered, is rapidly 
absorbed and converted to the active 
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24 36 48 
Time (hr) 

Fig* 4* Inhibition of ex vivo platelet aggregation induced by 20 |iM ADP after single administrations of 
CS-747 (mean ±S.D.) 



metabolite, followed by immediate block- 
ing of the ADP receptors on human 
platelets. Despite rapid elimination of the 
metabolites from the plasma, a significant 
inhibition of platelet aggregation, which 
lasted, at least, up to 48 hr after the admin- 
istration was seen* This suggests that the 
active metabolite bound irreversibly to the 
receptors on the platelets. 

On the other hand, collagen-induced 
platelet aggregation was hardly inhibited 
in any of the dose groups. The difference 
in the platelet aggregation response to 
these agonists suggests that the mode of 
action of CS-747 is specific toward ADR 

ii) Food-effect study 

There were no significant differences in 
the maximum inhibition of platelet aggre- 
gation and the duration time of the action 
between the fed and fasting regimens, 
whereas the onset time was delayed by 



about 2 hr in the fed regimen group (Fig, 
5). This delay coincided with the delay of 
the T^ in the fed regimen (Table 3). 

iii) Multiple dose study 

When 10 mg of CS-747 was given once 
daily, ADP-induced platelet aggregation 
was significantly and continuously inhibit- 
ed, by 50 to 80%, starting 2 days after the 
first administration, and lasting at least 
until 2 days after the final administration 
(Fig. 6). When compared with the multi- 
ple administration of clopidogrel given at 
a dose of 75 mg once daily,** the steady- 
state inhibition by CS-747 was reached 
much sooner, and the effect was more* 
potent. The 2.5-mg dose of CS-747 was 
not associated with a significant inhibition 
of platelet aggregation. Although the 10- 
mg single administration of CS-747 was 
not effective in inhibiting platelet aggrega- 
tion, the 3 -day consecutive administration 
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Fig. 5. Effect of food on the inhibition of ex vivo platelet aggregation after a single administration of 
CS-747 at a dose of 25 mg (mean ± S.D.) 




of 10 mg CS-747 caused a more than 50% 
inhibition. However, no accumulation of 
any of the metabolites analyzed was 
observed at all, 



3) Prolongation of bleeding time 

Inhibition of the ADP-induced platelet 
aggregation was accompanied by a pro- 
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longation of bleeding time in the single 
and multiple dose studies. At single doses 
of 30 and 75 mg, and at multiple doses of 
10 mg, the prolongation was observed 
sporadically in some volunteers soon after 
the administrations. Thus, the effect did 
not last as long as the inhibition of platelet 
aggregation. The maximal prolongation of 
bleeding was less than 6 times the baseline 
values (Fig. 7) z'-e. less than 20 min. 

3. Safety and Tolerability 

CS-747 was well tolerated at single 
administrations up to 75 mg, and at multi- 
ple administrations up to 10 mg. At a dose 
of 10 mg in the single-dose study, includ- 
ing the food-effect study, one subject com- 
plained of a mild headache which was 
possibly related to the drug. In the multi- 
ple-dose study, several events were 
observed in association with the inhibition 
of platelet aggregation. All the other 
events which occurred were considered 



either unlikely to be related or not related 
to the drug. There were no abnormal 
changes in the safety parameters (see Pro- 
tocol) in any of the dose groups. AU 
adverse events observed in these studies 
are shown in Table 5* 

4. Conclusion 

CS-747 was demonstrated to have a 
potent and long-lasting inhibitory activity 
on ex vivo platelet aggregation in healthy 
Caucasian male volunteers, without any 
serious adverse events. The pharmacody- 
namic profile of CS-747 as an antiplatelet 
agent is likely to result from its rapid 
absorption and rapid formation of the 
active metabolite, which irreversibly 
blocks ADP-mediated platelet aggrega- 
tion. 

(Takashi Hirota) 
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Table 5. All adverse events observed in the studies 



related 
tormal 
Pro- 
)S, All 
studies 



have a 
activity 
healthy 
>ut any 
acody- 
platelet 
s rapid 
of the 
irsibly 
igrega- 



Hirota) 



Study Event 
/Dose 


Severity 1 Rela- 
tionship 11 


Study 
/Dose 


Event 


Severity 1 Rela- 
tionship 1 ' 


Single-dose 






Multiple-dose 






riaceoo juizziness 


i 
i 


i 
i 


Placebo 


Anclication site 


i 
i 


i 
i 


Nausea 


1 


1 




reaction (2 cases) 






i\j mg rauor 




1 




Headache 


2 


3 


Increased sweating 


2 


1 




Headache 


** 


2 


Vomiting 


1 


1 




Dizziness 


i 
i 




Dizziness 


3 


1 




Nausea 


i 
i 


j 


Headache 


1 


3 




Oral hemorrhage 


1 

X 





Rhinitis 


I 


1 




Pharyngitis 


1 
1 





Others c 


I 


1 




Sinusitis 


1 


1 


30 mg Dizziness 


1 


2 




Sinusitis 


2 




75 nig Dizziness 


2 


1 




Rash 


1 




Flatulence 


1 


2 




Conjunctivitis 


1 




Vomiting 


1 


1 


2.5 mg 


Headache 


1 




Food-effect 








Pallesthesia 


1 










10 mg 


Application site 


1 




25 mg Pallor 


1 


1 




reaction (2 cases) 






Skin cold and clammy 


1 


1 




Cellulitis 


1 




Hot flushes 


1 


1 




Injection site reaction 


1 




Dizziness 


1 


1 




Face edema 


1 




a) Severity is rated on a 4-point scale of increasing 




Oral hemorrhage 


1 


3 


severity (Grade 1 to Grade 4). 








Increased coagulation time 1 


4 


b) Relationship to study drug: 








Rash 


1 


1 


1: Not related, 2: Unlikely, 3: Possibly, 4: Probably, 
5: Definitely. 




c3 Superficial cuts on scalp frontal area caused 
by hitting head while fainting. 
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[57] ABSTRACT 
Compounds of formula (I): 



CD 




wherein: R 1 is hydrogen, alkyl, halogen, haloalkyl, hy- 
droxy, alkoxy, haloalkoxy, alkylthio, haloalkylthio, 
amino, alkanoyl, haloalkanoyl, carboxy, alkoxycar- 
bonyl, carbamoyl, cyano, nitro, alkanesulfonyl, haloalk- 
anesulfonyl or sulfamoyl; R 2 is optionally substituted 
alkanoyl, optionally substituted alkenoyl, optionally 
substituted cycloaikylcarbonyl, substituted benzoyl, or 
5,6-dihydro-l,4,2*dioxazin-3-yl; R 3 is hydrogen, hy- 
droxy, optionally substituted alkoxy, aralkyloxy, al- 
kanoyloxy, alkenoyloxy, cycloalkylcarbonyloxy, aryl- 
carbonyloxy, alkoxycarbonyloxy, aralkyloxycarbo- 
nylxy, phthalidyloxy, (5-methyl-2-oxo-l,3-dioxoIen-4- 
yl)methoxy, (5-phenyl-2-oxo-l,3-dioxolcn-4-yl)me- 
thoxy, optionally substituted amino or nitro; Y is 
— NH— or oxygen or sulfur; n is 1 to 5; and tautomers 
and salts of said compounds of formula (I), have the 
ability to inhibit blood platelet aggregation, and can 
thus be used for treatment and prophylaxis of thrombo- 
sis and embolisms. 

56 Claims, No Drawings 
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TETRAHYDROTHIENOPYRIDINE 
DERIVATIVES, FURO AND PYRROLO ANALOGS 
THEREOF AND THEIR PREPARATION AND 
USES FOR INHIBITING BLOOD PLATELET 5 
AGGREGATION 

BACKGROUND OF THE INVENTION 

The present invention relates to a series of new tet~ 
rahydrothieno[3»2-c]pyridine derivatives and furo and 10 
pyrrolo analogs of these derivatives, and provides pro- 
cesses for preparing these derivatives as well as meth- 
ods and compositions using them for inhibiting blood 
platelet aggregation, 

A number of tetrahydrothienopyridine and tetraby- 15 
drofuropyridine derivatives is known, and some of 
these have been disclosed to have the ability to inhibit 
blood platelet aggregation. For example, U.S. Pat Nos. 
4,051,141, 4,075,215, 4,127,580, 4,464,377 and 4,529,596 
all disclose compounds of this type, although not all 20 
disclose them for the inhibition of blood platelet aggre- 
gation. The closest prior art is believed to be U.S. Pat. 
No. 4,051,141, which discloses, inter alia, 5-{2- 
chloroben^yl)-4,5,6 J 7-tetrahydrothieno[3,2-c]pyridine 
and U.S Pat. No. 4,529,596, which discloses, inter alia, 25 
5-(2-chloro-£i-methoxycarbonylben2yl)-4,5,6,7-tetrahy- 
drothieno[3,2-c]pyridine. 

However, there are problems with the prior art com- 
pounds referred to above, especially in that many of 
them require a long time after administration before 30 
they manifest their activity. Accordingly, there is a 
need for new compounds of this type having improved 
activity and the ability to act faster. 

We have now discovered a series of new tetrahydro- 
thieno[3,2-c]pyridine derivatives and furo and pyrrolo 35 
analogs of these derivatives which have an improved 
ability to inhibit the aggregation of blood platelets. 

BRIEF SUMMARY OF INVENTION 

It is, therefore, an object of the present invention to 40 
provide a series of new compounds of this type. 

It is a further, and more specific object of the present 
invention to provide such compounds having valuable 
inhibitory activity against platelet aggregation. 

Other objects and advantages of the present invention 45 
will become apparent as the description proceeds. 

The compounds of the present invention are those 
compounds of formula (I): 

R 2 (I) 50 

wherein: 

R 1 represents a hydrogen atom, an alky] group hav- 
ing from 1 to 4 carbon atoms, a halogen atom, a 60 
haloalkyl group having from 1 to 4 carbon atoms 
and at least one halogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, a 
haloalkoxy group having from I to 4 carbon atoms 
and at least one halogen atom, an alkylthio group 65 
having from I to 4 carbon atoms, a haloalkylthio 
group having from 1 to 4 carbon atoms and at least 
one halogen atom, an amino group, an alkanoyl 



2 

group having from 1 to 5 carbon atoms, a haloal- 
kanoyl group having from 2 to 5 carbon atoms and 
at least one halogen atom, a carboxy group, an 
alkoxycarbonyl group having from 2 to 5 carbon 
atoms, a carbamoyl group, a cyano group, a nitro 
group, an alkanesulfonyl group having from I to 4 
carbon atoms, a haloalkanesulfonyl group having 
from 1 to 4 carbon atoms and at least one halogen 
atom, or a sulfamoyl group; 

R 2 represents an alkanoyl group having from 1 to 10 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 10 carbon atoms and which is substi- 
tuted by at least one substituent selected from the 
group consisting of substituents A, defined below, 
an alkenoyl group having from 3 to 6 carbon 
atoms, a substituted alkenoyl group which has from 
3 to 6 carbon atoms and which is substituted by at 
least one substituent selected from the group con- 
sisting of substituents A, defined below, a cycloalk- 
ylcarbonyl group having from 4 to 8 carbon atoms, 
a substituted cycloalkylcarbonyl group which has 
from 4 to 8 carbon atoms and which is substituted 
by at least one substituent selected from the group 
consisting of substituents A, defined below, a sub- 
stituted benzoyl group having at least one substitu- 
ent selected from the group consisting of substitu- 
ents B, defined below, or a 5,6-dihydro 1,4,2-dioxa- 
zin-3-yl group; 

R 3 represents a hydrogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, a 
substituted alkoxy group which has from 1 to 4 
carbon atoms and which is substituted by at least 
one substituent selected from the group consisting 
of substituents C, defined below, an aralkyloxy 
group in which the aralkyl part is as defined below, 
an alkanoyloxy group having from 1 to 18 carbon 
atoms, an atkenoyloxy group having from 3 to 6 
carbon atoms, a cycloalkyl carbonyloxy group 
having from 4 to 8 carbon atom, an arylcar- 
bonyloxy group in which the aryl part is as defined 
below, an alkoxycarbonyloxy group having from 2 
to 5 carbon atoms, an aralkyloxycarbonyloxy 
group in which the aralkyl part is as defined below, 
a phthalidyloxy group, a (5-methyl-2-oxo-l,3-diox- 
olen-4-yl)methoxy group, a (5-phenyl-2-oxo-l,3* 
dioxolen-4-yl)methoxy group, a group of formula 
— NR*R fr 

wherein R* and R* are independently selected from 
the group consisting of hydrogen atoms, alkyl 
groups having from 1 to 4 carbon atoms and 
substituted alkyl groups which have from 1 to 4 
carbon atoms and which are substituted by at 
least one substituent selected from the group 
consisting of substituents C, defined below, 
an aralkylamino group in which the aralkyl part is as 
defined below, an alkanoylamino group having 
from 1 to 18 carbon atoms, an alkenoylamin group 
having from 3 to 6 carbon atoms, a cycloalkylcar- 
bonylamino group having from 4 to 8 carbon 
atoms, an arylcarbonylamino group in which the 
aryl part is as defined below, an alkoxycar- 
bonylamino group having from 2 to 5 carbon 
atoms, an aralkyloxycarbonylamino group in 
which the aralkyl part is as defined below, a 
phthalidylamino group, a (5-methyl~2-oxo-l,3- 
dioxolen-4-yl)methylamino group, a (5-phenyl-2- 
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oxo-l,3-dioxolen-4-yl)methylamino group or a 
nitro group; 

Y represents a group of formula — NH— or an oxy- 
gen or sulfur atom; and 

n is an integer from 1 to 5, and, when n is an integer 5 
from 2 to 5, the groups represented by R 1 may be 
the same as or different from each other; 

said substituents A are selected from the group con- 
sisting of halogen atoms, hydroxy groups, alkoxy, 
groups having from 1 to 4 carbon atoms and cyano 10 



The invention also provides processes for preparing 
these compounds, which are described in greater detail 
hereafter. 

DETAILED DESCRIPTION OF INVENTION 

When the compounds of the present invention have 
an amino or hydroxy group at the 2- or 3- position (i.e. 
R 3 represents an amino or hydroxy group at the 2- or 3- 
position), they can exist as keto-enol tautomers, that is: 






groups; 

said substituents B are selected from the group con- wherein Y, R 1 , R 2 and n are as defined above, and Z 
sisting of alkyl groups having from 1 to 4 carbon 30 represents a group of formula =NH or an oxygen torn, 
atoms, halogen atoms and alkoxy groups having These tautomers may or may not be readily separable, 
from I to 4 carbon atoms; and, if separable, may be separated by methods well 

said substituents C are selected from the group con- known in the art. In any event, the present invention 
sisting of alkoxy groups having from 1 to 4 carbon embraces both the individual isolated tautomers, as well 
atoms, alkanoyloxy groups having from I to 6 car- 35 as mixtures thereof, and both the isolated tautomers and 
bon atoms and aryJcarbonyloxy groups in which such mixtures may be used in the compositions and 
the aryl part is as defined below; methods of the present invention. In particular, the 

said aralkyl parts of said aralkyloxy, aralkyloxy. car- tautomers of formula (la) are preferred, 
bonyloxy, aralkylamino and aralkyloxycar- In the compounds of the present invention, where R 1 
bonylamino groups are alkyl groups which have 40 represents an alkyl group, this may be a straight or 
from 1 to 4 carbon atoms and which are substituted branched chain alkyl group having from 1 to 4 carbon 
by at least one aryl group as defined below; atoms, and examples include the methyl, ethyl, propyl, 

said aryl groups and said aryl parts of said arylcar- isopropyl, butyl, isobutyl, sec-butyl and t-butyl groups, 
bonyloxy groups and of said arylcarbonylamino Of these, we prefer those alkyl groups having from 1 to 
groups have from 6 to 10 carbon atoms in a carbo- 45 3 carbon atoms, more preferably the methyl and ethyl 
cyclic ring which is unsubstituted or is substituted groups. 

by at least one substituent selected from the group Where R 1 represents a halogen atom, this may be, for 
consisting of substituents D, defined below; and example, a fluorine, chlorine, iodine or bromine atom, 
said substituents D are selected from the group con- and is preferably a fluorine or chlorine atom, 
sisting of the groups and atoms defmed above in 50 Where R 1 represents a haloalkyl group, the alkyl part 
relation to R 1 , other than said hydrogen atom; may be any one of the alkyl groups exemplified above 

and tautomers thereof and pharmaceutical^ accept- and may be substituted by one or more halogen (for 
able salts of said compounds of formula (I) and of example fluorine, chlorine, bromine or iodine) atoms, 
said tautomers. There is, in principle, no restriction on the number of 

The invention also provides a pharmaceutical compo- 55 halogen substituents on the alkyl group, this being lim- 
sition for the treatment and prophylaxis of thrombosis ited only by the number of substitutable atoms. In gen- 
or embolisms, comprising an effective amount of a eral, however, from 1 to 5 halogen substituents are 
blood platelet aggregation inhibitor in admixture with a preferred, from 1 to 3 substituents being more preferred, 
pharmaceutical^ acceptable carrier or diluent, wherein Specific examples of such groups include the fluoro- 
said inhibitor is at least one compound of formula (I), or 60 methyl, difluoromethyl, trifluoromethyl, chloromethyl, 
a tautomer or pharmaceutically acceptable salt thereof. dichloromethyl, trichloromethyl, 2-fluoroethyl, 2- 
The invention still further provides a method for the chloroethyJ, 2-bromoethy], 2-iodoethyl, 2,2,2-trichloro- 
treatment or prophylaxis of thrombosis or embolisms, ethyl, 2,2,2-trifluoroethyl, 2-fluoropropyl, 3-fluoropro- 
comprising administering to a mammal, which may be pyl, 3-chloropropyl, 2-fluorobutyI, 3*fluorobutyl, 4- 
human, an effective amount of a blood platelet aggrega- 65 chlorobutyl and 4-fluorobutyl groups. The fluorine-sub- 
tion inhibitor, wherein said inhibitor is at least one com- stituted and chlorine-substituted groups are preferred, 
pound of formula (I), or a tautomer or pharmaceutically the fluorine-substituted groups being more preferred, 
acceptable salt thereof. The fluoromethyl, difluoromethyl and trifluoromethyl 
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groups are most preferred, especially the trifluoro- these, the fluorine substituted alkanoyl groups ate pre- 
methyl group. ferred, the fluoroacetyl, difluoroacetyl and trifluoroace- 

Where R 1 represents an alkoxy group, this may be a tyl groups being more preferred and the trifluoroacetyl 
straight or branched chain alkoxy group having from 1 group being most preferred. 

to 4 carbon atoms* and examples include the methoxy, 5 Where R 1 represents an alkoxycarbonyl group, this 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec- may be a straight or branched chain alkoxycarbonyl 
butoxy and t-butoxy groups. Of these, we prefer those group having from 2 to 5 carbon atoms, that is the alk- 
alkoxy groups having from 1 to 3 carbon atoms, more oxy part has from 1 to 4 carbon atoms, and examples 
preferably the methoxy and ethoxy groups. include the methoxycarbonyl, ethoxycarbonyl, propdx- 

Where R 1 represents a haloalkoxy group, the alkoxy 10 ycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobu- 
part may be any one of the alkoxy groups exemplified toxycarbonyl, sec-butoxycarbonyl and t-butoxycarbo- 
above and may be substituted by one or more halogen nyl groups. Of these, we prefer those alkoxycarbonyl 
(for example fluorine, chlorine, bromine or iodine) groups having from 1 to 3 carbon atoms, more prefera- 
atoms. There is, in principle, no restriction on the num- bly the methoxycarbonyl and ethoxycarbonyl groups, 
ber of halogen substituents on the alkoxy group, this 15 Where R 1 represents an alkanesulfonyl group, this 
being limited only by the number of substitutable atoms. may be a straight or branched chain alkanesulfonyl 
In general, however, from 1 to 5 halogen substituents group having from 1 to 4 carbon atoms, and examples 
are preferred, from 1 to 3 substituents being more pre- include the methanesulfonyj, ethanesulfonyl, propane- 
ferred. Specific examples of such groups include the sulfonyl, isopropanesulfonyl, butanesulfonyl, isobutane- 
fluoromethoxy, difluoromethoxy, trifluoroinethoxy, 20 sulfonyl, sec butanesulfonyl and t-butanesulfonyl 
2-fluoroethoxy, 2-chloroethoxy, 2-bromoethoxy, 2- groups. Of these, we prefer those alkanesulfonyl groups 
iodoethoxy, 2,2,2-trichloroethoxy, 2,2,2-trifluoroe- having from 1 to 3 carbon atoms, more preferably the 
thoxy, 2-fluoropropoxy, 3-fluoropropoxy, 3-chloro- methanesulfonyl and ethanesulfonyl groups, 
propoxy, 2-iluorobutoxy, 3-fluorobutoxy, 4- Where R* represents a haloalkanesulfonyl group, the 
chlorobutoxy and 4-fluorobutoxy groups. Hie fluo- 25 alkanesulfonyl part may be any one of the alkanesulfo- 
roalkoxy groups are preferred. The fluoromethoxy, nyl groups exemplified above and may be substituted by 
difluoromethoxy and trifluoromethoxy groups are most one or more halogen (for example fluorine, chlorine, 
preferred, especially the trifluoromethoxy group. bromine or iodine) atoms. There is, in principle, no 

Where R 1 represents an alkylthio group, this may be restriction on the number of halogen substituents on the 
a straight or branched chain alkylthio group having 30 alkanesulfonyl group, this being limited only by the 
from 1 to 4 carbon atoms, and examples include the number of substitutable atoms. In general, however, 
methylthio, ethylthio, propylthio, isopropylthio, bu- from 1 to 5 halogen substituents are preferred, from 1 to 
tylthio, isobutylthio, sec-butylthip and t-butylthio 3 substituents being more preferred. Specific examples 
groups. Of these, we prefer those alkylthio groups hav- of such groups include the fluoromethanesulfonyl, di- 
ing from 1 to 3 carbon atoms, more preferably the meth- 35 fluoromethanesulfonyl, trifluoromethanesulfonyi, di- 
ylthio and ethylthio groups. chloromethanesulfonyl, trichloromethanesulfonyl, 2- 

Where R 1 represents a haloalkylthio group, the alkyl- fluoroethanesulfonyl, 2-chloroethanesuIfonyl 2-bromo- 
thio part may be any one of the alkylthio groups exem- ethanesulfonyl, 2-iodoethanesulfonyl, 2,2,2-trichloroe- 
plified above and may be substituted by one or more thanesulfonyl, 2,2,2-trifluoroethanesulfonyl, 2-fluoro- 
halogen (for example fluorine, chlorine, bromine or 40 propanesulfonyl, 3-fluoropropanesulfonyl, 3-chloro- 
iodine) atoms. There is, in principle, no restriction on propanesulfonyl, 2-fluorobutanesulfonyl, 3- 
the number of halogen substituents on the alkylthio fluorobutanesulfonyl, 4-chlorobutanesulfonyl and 4- 
group, this being limited only by the number of substi- fluorobutanesulfonyl groups. The fluorine-substituted 
tutable atoms. In general, however, from 1 to 5 halogen alkanesulfonyl and chlorine substituted alkanesulfonyl 
substituents are preferred, from 1 to 3 substituents being 45 groups are preferred, the fluorine-substituted alkanesul- 
more preferred. Specific examples of such groups in- fonyl groups being more preferred. The fluorome- 
clude the fluoromethylthio, difluoromethio, tri- thanesulfonyl, difluoromethanesulfonyl and tri- 
fluoromethylthio, 2-fluoroethylthio, 2-chloroethylthio, fluoromethanesulfonyl groups are most preferred, espe- 
2-bromoethylthio, 2-iodoethylthio, 2,2,2~trichloroeth- dally the trifluorpmethanesulfonyl group, 
ylthio, 2,2,2-trifluoroethylthio, 2-fluoropropyIthio, 3- 50 Of the above groups and atoms, we especially prefer 
fluoropropylthio, 3-chloropropylthio, 2-fluorabu- that R 1 should represent: a hydrogen atom; an alkyJ 
tylthio, 3-fluorobutylthio, 4-chlorobutylthio and 4- group having from I to 4 carbon atoms; a halogen atom; 
fluorobutylthio groups. The fluorine substituted groups a fluorine substituted alkyl group having from 1 to 4 
are preferred. The fluoromethylthio t difluorometh^ carbon atoms; a hydroxy group; an alkoxy group hav- 
ylthio and trifluoromethylthio groups are most pre- 55 ing from 1 to 4 carbon atoms; a fluorine-substituted 
ferred, especially the trifluoromethylthio group. alkoxy group having from 1 to 4 carbon atoms; an alkyl- 

Where R* represents an alkanoyl group, this has from thio group having from 1 to 4 carbon atoms; a fluorine- 
1 to 5 carbon atoms and may be a straight or branched substituted alkylthio group having from 1 to 4 carbon 
chain group. Examples include the formyl, acetyl, pro- atoms; an amino group; an alkanoyl group having from 
pionyl, butyryl, isobutyryl, valeryl, isovaleryl and pi- 60 1 to 5 carbon atoms; a fluorine-substituted alkanoyl 
valoyl groups, of which the formyl and acetyl groups group having from 2 to 5 carbon atoms; an alkoxycar- 
are preferred. bony! group having from 2 to 5 carbon atoms; a carbam- 

Where Ri represents a haloalkanoyl group, this has oyl group; a cyano group; a nitro group; an alkanesulfo- 
from 2 to 5 carbon atoms and may be a straight or nyl group having from 1 to 4 carbon atoms; a fluorine- 
branched chain group. Examples include the fluoroa- 65 substituted alkanesulfonyl group having from 1 to 4 
cetyl, difluoroacetyl, trifluoroacetyl, chloroacetyl, tri- carbon atoms; or a sulfamoyl group, 
chloroacetyl, bromoacetyl, iodoacetyl, 3-fluoropropio- More preferably R l represents: a hydrogen atom; a 
nyl, 4-fluorobutyryl and 5-fluorovaleryl groups. Of methyl group; an ethyl group; a halogen atom; a fluo- 
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rine-substituted methyl group; a hydroxy group; a me- acetyl, chloroacetyl, 3-fluoropropionyl, hydroxyacetyl, 
thoxy group; an ethoxy group; a fluorine-substituted methoxyacetyl, ethoxyacetyl and cyanoacetyl groups, 
methoxy group; a methylthio group; a fluorine-sub- The most preferred groups are the fluoroacetyl, di- 
stituted methylthio group; a formyl group; an acetyl fluoroacetyl, trifluoroacetyl, chloroacetyl, 3-fluoropro- 
group; a fluorine-substituted acetyl group; a methoxy- 5 pionyl, hydroxyacetyl, methoxyacetyl and cyanoacetyl 
carbonyl group; an ethoxycarbonyl group; a propox- groups, especially the fluoroacetyl, difluoroacetyl and 
ycarbonyl group; a carbamoyl group; a cyano group; a trifluoroacetyl groups, 

nitro group; a methanesulfonyl group; an ethanesulfo- Where R 2 represents an alkenoyl group having from 
nyl group; a fluorine-substituted methanesulfonyl 3 to 6 carbon atoms, this may be a straight or branched 
group; or a sulfamoyl group. 10 chain group, and examples include the acryloyl, meth- 

Still more preferably R 1 represents: a halogen atom; a acryloyl, 2-butenoyl, 2-pentenoyl and 2-hexenoyl 
trifluoromethyl group; a hydroxy group; a difluorome- groups, of which the acryloyl and methacryloyl groups 
thoxy group; a trifluoromethoxy group; a difluorometh- are preferred; 

ylthio group; a trifluoromethylthio group; a formyl These alkenoyl groups may also be substituted by one 
group; an acetyl group; a trifluoroacetyl group; a cyano 15 or more of substituents A, defined and exemplified 
group or a nitro group. above. Specific examples of such substituted groups 

Most preferably R 1 represents: a fluorine atom, a include the 3-fluoroacryloy], 3-chIoroacryIoyl and 3- 
chlorine atom or a trifluoromethyl group; especially a cyanoacryloyl groups, of which the 3-fluoroacryloyl 
fluorine atom or a chlorine atom. group is particularly preferred. 

The number of the substituents, n, represented by R 1 20 Where R 2 represents a cycloalkylcarbonyl group, this 
is from 1 to 5, although the maximum may be lower has from 4 to 8 carbon atoms, that is the cycloalkyl 
than 5 in some cases if there is a problem of sleric hin- group itself has from 3 to 7 ring carbon atoms. Exam- 
drance. Preferably n is from I to 3, and more preferably pies of such groups include the cyclopropylcarbonyl, 
1 or 2, The position of substitution by R* on the phenyl cyclobutylcarbonyl, cyclopentylcarbonyl, cyclohexyl 
group is preferably para or ortho t more preferably or- 25 carbonyl and cycloheptylcarbonyl groups, of which the 
the cyclopropylcarbonyl and cyclobutylcarbonyl groups 

Where R 2 represents an alkanoyl group having from are particularly preferred, 
1 to 10 carbon atoms, this may be a straight or branched These cycloalkylcarbonyl groups may also be substi- 
chain group, and examples include the formyl, acetyl, tuted by one or more of substituents A, defined and 
propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pi- 30 exemplified above. Specific examples of such substi- 
valoyl, hcxanoyl, heptanoyl, octanoyl, nonanoyl and tuted groups include the 2-fluorocyclopropylcarbonyl, 
decanoyl groups, of which those groups having from 2 2,2-difluorocyclopropylcarbonyl, 2-chlorocyclopropyI- 
to 6 carbon atoms are preferred, especially the acetyl, carbonyl, 2-bromocyclopropylcarbonyl, 2-fluorocy- 
propionyl and isobutyryl groups, of which the acetyl clobutylcarbonyl, 2-chlorocyclobutylcarbonyl, 2- 
and propionyl groups are most preferred, 35 fluorocyclopentylcarbonyl, 2-chlorocyclopentyl car- 

Those alkanoyl groups represented by R 2 and having bonyl, 2-fluorocyclohexylcarbonyI, 2-chlorocyclohex- 
from 2 to 10 carbon atoms may be substituted by one or ylcarbonyl, 2-hydroxycyclopropylcarbonyl, 2-hydrox- 
more of substituents A, defined above. Examples of ycyclobutylcarbonyl, 2-hydroxycyclopentylcarbonyl, 
such substituents A include: 2-hydroxycyclohexylcarbonyl, 2-methoxycyclopropyl- 

halogen atoms, such as the fluorine, chlorine, bro- 40 carbonyl, 2-methoxycyclobutylcarbonyl, 2-methoxycy- 
mine and iodine atoms; clopentylcarbonyl, 2-methoxycyclohexylcarbonyl, 2- 

hydroxy groups; ethoxycyclopropylcarbonyl, 2-ethoxycyclobutylcarbo- 

alkoxy groups having from 1 to 4 carbon atoms, such nyl, 2-ethoxycyclopentylcarbonyl, 2-ethoxycyclohexyl- 
as those exemplified above in relation to R 1 ; and carbonyl, 2-cyanocyclopropylcarbonyI, 2-cyanocy- 

cyano groups. 45 clobutylcarbonyl, 2-cyanocyclopentylcarbonyl and 2- 

In the case of these substituted groups, and all substi- cyanocyclohexylcarbonyl groups, of which the 2- 
tuted groups referred to herein, there is no specific fluorocyclopropylcarbonyl, 2,2-difluorocycIopropyl- 
limitation on the number of the substituents, except such carbonyl, 2-chlorocyclopropylcarbonyl, 2-fluorocy- 
as may be imposed by the number of substitutable posi- clobutylcarbonyl, 2-chlorocyclobutylcarbonyl, 2 
tions and possibly also by steric constraints. However, 50 fluorocyclopentylcarbonyl, 2-fluorocyclohexylcar- 
in general, from 1 to 3 such substituents are preferred. bony, 2-hydroxycyclopropyIcarbonyl, 2-methoxycy^ 

Specific examples of such substituted alkanoyl groups clopropylcarbonyl, 2-ethoxycyclopropyl. carbonyl and 
include the fluoroacetyl, difluoroacetyl, trifluoroacetyl, 2-cyanocyclopropyIcarbonyl groups are preferred, 
chloroacetyl, trichloroacetyl, bromoacetyl, iodoacetyl, More preferred groups are the 2-fluorocyclopropylcar- 

3- fluoropropionyl, 3-cloropropionyl, 3-bromopropfcv 55 bonyl, 2-chlorocyclopropylcarbonyl, 2-fluorocy- 
nyl, 3-iodopropionyl, 4-fluorobutyryl, 4-chlorobutyryl, clobutylcarbonyl and 2-methoxycyclopropyl carbonyl 
5-fluorovaleryl, hydroxyacetyl, 3-hydroxypropionyI, groups, and the most preferred is the 2-fluorocyclo- 

4- hydroxybutyryl, 5-hydroxyvaleryl, methoxyacetyl, propylcarbonyl group. 

3- methoxypropionyl, 4-methoxybutyryl, 5-methox- Where R 2 represents a substituted benzoyl group, this 
yvaleryl, ethoxyacetyl, 3-ethoxypropionyl, 4-ethoxybu- 60 is substituted by at least one of substituents B, which are 
tyry], 5-ethoxy valeryl, cyanoacetyl, 3-cyanopropionyl, selected from the group consisting of alkyl groups hav- 

4- cyanobutyryi and 5-cyanovaleryl groups, of which ing from 1 to 4 carbon atoms, halogen atoms and alkoxy 
the fluoroacetyl, "difluoroacetyl, trifluoroacetyl, chloro- groups having from 1 to. 4 carbon atoms, all of which 
acetyl, 3-fluoropropionyl, 3-chloropropionyl, hydrox- may be as exemplified in relation to the same groups and 
yacetyl, 3-hydroxypropionyl, methoxyacetyl, 3- 65 atoms represented by R l . The number of the substitu- 
methoxypropionyl, ethoxyacetyl, cyanoacetyl and 3- ents may be from 1 to 5, provided that there is no prob- 
cyanopropionyl groups are more preferred. Still more lem of steric hindrance; preferably, however, are from I 
preferred are the fluoroacetyl, difluoroacetyl, trifluoro- to 3 substituents, more preferably 1 or Specific exam- 
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pies of such substituted benzoyl groups, include the Where R 3 represents an alkanoyloxy group, this may 
2-fluorobenzoyl, 3-fluorobenzoyl, 4-fluorobenzoyl, 2,4- be a straight or branched chain group and has from I to 
difluorobenzoyl, 2,4,6-trifluorobenzoyl, 2,3,4,5,6-penta- 18 carbon atoms. Examples of such groups include the 
fluorobenzoyl, 4-chlorobcnzoy], 2,4-dichlorobenzoyI, formyloxy, acetoxy, propionyloxy, butyryloxy, 
4-methylbenzoyl, 2,4-dimethylbenzoyl, 4-cthyIbenzoyI, 5 isobutyryloxy, valeryloxy, isovaleryloxy, pivaloyloxy, 
2,4-diethylbenzoyl, 4-methoxybenzoyI, 2,4rdimethoxy- hexanoyloxy, heptanoyloxy, octanoyloxy, nonanoy- 
benzoyl, 4-ethoxybenzoyl and 2,4-diethoxybcnzoyl loxy, decandyloxy, lauroyloxy, myristoyloxy, pal- 
groups, of which the 4-fluorobenzoyl and 2,4-difluoro- mitoyloxy and stearoyloxy groups, of which those 
benzoyl groups are preferred. " groups having from 1 to 12 carbon atoms are preferred, 

Where R 3 represents an alkoxy group, this may be a 10 those having from 2 to 10 carbon atoms are more pre- 
straigbt or branched chain group having from 1 to 4 ferred, and those having from 2 to 5 carbon atoms are 
carbon atoms and may be any of the alkoxy groups most preferred, especially the acetoxy, propionyloxy, 
exemplified above in relation to R 1 . Such a group may butyryloxy, pivaloyloxy, nonanoyloxy and decanoy- 
be unsubstituted or it may have one or more substituents loxy groups, of which the acetoxy, propionyloxy, 
selected from the group consisting oL substituents C, 15 butyryloxy and pivaloyloxy groups are most preferred, 
defined above, and examples of which are as follows: Where R 3 represents an alkenoyloxy group, this may 

alkoxy groups having from I to 4 carbon atoms, such be a straight or branched chain group and has from 3 to 
as those exemplified above in relation to R 1 ; 6, more preferably 3 or 4, carbon atoms. Examples of 

alkanoyloxy groups having from 1 to 6 carbon atoms, such groups include the acryloyloxy, methacryloyloxy, 
which may be a straight or branched chain group, 20 2-butenoyloxy, 2-pentenoyiaxy and 2-hexenoyloxy 
for example the formyloxy, acetoxy, propionyloxy, groups, of which the acryloyloxy and methacryloyloxy 
butyryloxy, isobutyryloxy, valeryloxy, isovalery- groups are preferred. 

loxy, pivaloyloxy or hexanoyloxy groups, of which Where R 3 represents a cycloalkylcarbonyloxy group, 
those groups having from 1 to 5 carbon atoms are this has from 4 to 8, more preferably from 4 to 7, carbon 
preferred, and the acetoxy, propionyloxy, butyry- 25 atoms, that is the cycloalkyl group itself has from 3 to 7 
loxy and pivaloyloxy groups are most preferred; ring carbon atoms. Examples of such groups include the 
and cyclopropylcarbonyloxy, cyclobutylcarbonyloxy, cy- 

arylcarbonyloxy groups in which the aryl part is as clopentylcarbonyloxy, cyclohcxylcabonyloxy and cy- 
defined above, for example the arylcarbonyloxy cloheptylcarbonyloxy groups, of which the cycle- 
groups exemplified below in relation to R 3 . 30 propylcarbonyloxy and cyclobutylcarbonyloxy groups 
Specific examples of such substituted alkoxy groups are particularly preferred, 
include the methoxymethoxy, ethoxymethoxy, propox- Where R 3 represents arylcarbonyloxy group, the aryl 
ymethoxy, butoxymethoxy, 2-methoxyethoxy, 2-ethox- part is as defined above, and examples of such groups 
yethoxy, formyloxymethoxy, acetoxymethoxy, pro- include the benzoyloxy, 1-naphthoyloxy, 2-naph- 
piohyloxymethoxy, 2-formyIoxyethoxy, 2-acetoxye- 35 thoyloxy t o-, m- and p-toluoyloxy, o-, m- and p- 
thoxy, 2-propionyloxyethoxy, 3-acetoxypropoxy, 4- chlorobenzoyloxy, o-, m- and p-fluorobenzoyloxy, o-, 
acetoxybutoxy, valeryloxymethoxy, pivaloyloxyme- m- and p-methoxybenzoyloxy, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- 
thoxy, benzoyloxymethoxy, naphthoyloxymethoxy, and 3,5-dichlorobenzoyloxy, 2,4-difluorobenzoyIoxy 
p-toluoyloxymethoxy, p-chlorobenzoyloxy methoxy, and 2,4,6-trifluorobenzoyloxy groups, preferably the 
2-benzoyloxyethoxy, 3-benzoyloxypropoxy and 4-ben- 40 benzoyloxy group. 

zoyloxybutoxy groups, of which the pivaloyloxyme- Where R 3 represents an alkoxycarbonyloxy group, 
thoxy group is most preferred. this may be a straight or branched chain alkoxycar- 

Where R3 represents an aralkyloxy group, the alkoxy bonyloxy group having from 2 to 5 carbon atoms, that 
part is an alkoxy group having from 1 to 4, preferably is the alkoxy part has from 1 to 4 carbon atomSj and 
from 1 to 3, carbon atoms, such as those exemplified 45 examples include the methoxycarbonyloxy, ethoxycar- 
above in relation to R 1 , especially the methoxy, ethoxy, bonyloxy, propoxycarbonyloxy, isopropoxycar- 
propoxy or isopropoxy groups. The aryl part is as de- bonyloxy, butoxycarbonyloxy, isobutoxycarbonyloxy, 
fined above and has from 6 to 10, preferably 6 or 10, sec-butoxycarbonyloxy and t-butoxycarbonyloxy 
ring carbon atoms. Examples of such aryl groups in- groups. Of these, we prefer those alkoxycarbonyloxy 
elude the phenyl, 1-naphthyl and 2-naphthyl groups and 50 groups having from 1 to 3 carbon atoms in the alkoxy 
such groups which are substituted by one or more of part and the t-butoxycarbonyloxy group, more prefera- 
substituents D, defined above and examples of which bly the methoxycarbonyloxy, ethoxycarbonyloxy and 
have been given in relation to the same groups and t-butoxycarbonyloxy groups. 

atoms which may be represented by R 1 . The alkoxy Where R 3 represents an aralkyloxycarbonyloxy 
part may be substituted by one or more aryl groups, the 55 group, the alkoxy part is an alkoxy group having from 
maximum being dictated only by the number of substi- 1 to 4, preferably from I to 3, carbon atoms, such as 
tutable positions and possibly also by steric constraints; those exemplified above in relation to R 1 , especially the 
however, from 1 to 3 aryJ groups are normally pre- methoxy, ethoxy, propoxy or isopropoxy groups. The 
ferred, 1 or 2 being more preferred and 1 being most aryl part is as defined above and has from 6 to 10, pref- 
preferred. Specific examples of-the aralkyloxy groups 60 erably 6 or 10, ring carbon atoms. Examples of such aryl 
include the benzyloxy, 1-naphthylmethoxy, 2-naphthyl- groups include the phenyl, 1-naphthyl and 2-naphthyl 
methoxy, phenethyloxy, ct-methylbenzyloxy, 3-phenyl- groups and such groups which are substituted by one or 
propoxy, 2-phenylpropoxy, 1-phenylpropoxy, 4- more of substituents D, defined above and examples of 
phenylbutoxy, benzhydryloxy (Le. diphenylmethoxy) which have been given in relation to the same groups 
and trityloxy (i.e. triphenylmethoxy) groups (of these, 65 and atoms which may be represented by R 1 . The alkoxy 
the benzyloxy and phenethyloxy groups are preferred), part may be substituted by one or more aryl groups, the 
and such groups which are substituted by one or more maximum being dictated only by the number of substi- 
of substituents D. tutable positions and possibly also by steric constraints; 
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however, from 1 to 3 aryl groups are normally pre- the formamido, acetamido, propionamido, butyramido, 
ferred, 1 or 2 being more preferred and 1 being most isobutyramido, valerylamino, isovalerylamino, 
preferred. Specific examples of the aralkyloxycar- pivaloylamino, hexanoylamino, heptanoylamino, oc- 
bonyloxy groups include the benzyloxycarbonyloxy, tanoylamino, nonanoylamino, decanoylamino, 
l^naphthylmethoxycarbonyloxy, 2-naphthylmethox- 5 Iauroylamino, myristoylamino, palmitoylamino and 
ycarbonyloxy, phencthyloxycarbonyloxy, omethyl- stearoylamino groups, of which those groups having 
benzyJoxy. carbonyloxy, 3-phenylpropoxycarbonyloxy, from 1 to 12 carbon atoms are preferred, those having 
2-phenyJpropoxycarbonyloxy, l-phcnylpropoxycar- from 2 to 10 carbon atoms are more preferred, and those 
bonyloxy, 4-phenylbutoxycarbonyIoxy, benzhydrylox* having from 2 to 5 carbon atoms are most preferred* 
ycarbonyloxy and trityloxycarbonyloxy groups (of 10 especially the acetamido, propionamido, butyramido, 
these, the benzyloxycarbonyloxy group is preferred), pivaloylamino, nonanoylamino and decanoylamino 
and such groups which are substituted by one or more groups, of which the acetamido, propionamido, 
of substituents D. butyramido and pivaloylamino groups are most pre* 

Where R 3 represents a group of formula — NR fl RA ferred. 
R° and R* are independently selected from the group 15 Where R 3 represents an alkenoylamino group, this 
consisting of hydrogen atoms, alkyl groups having from may be a straight or branched chain group and has from 
I to 4 carbon atoms and substituted alkyl groups which 3 to 6 carbon atoms. Examples of such groups include 
have from I to 4 carbon atoms and which are substi- the acryloylamino, methacryloylamino, 2- 
tuted by at least one substituent selected from the group butenoylamino, 2-pentenoylamino and 2-hex- 
consisting of substituents C, defined above. Examples of 20 enoylamino groups, of which the aci^Ioylamino and 
the alkyl groups which may be represented by K a and methacryloylamino groups are preferred, 
R* are as given above in relation to R 1 , and examples of Where R 3 represents a cycloalkylcarbonylamino 
the substituted alkyl groups which may be represented group, this has from 4 to 8 carbon atoms, that is the 
by R fl and R* are the substituted alkyl groups corre- cycloalkyl group itself has from 3 to 7 ring carbon 
spending to the substituted alkoxy groups, as given 25 atoms. Examples of such groups include the cyclo- 
above in relation to R 3 . Specific examples of these propylcarbonylamino, cyclobutylcarbonylamino, cy- 
groups of formula — NR fl R 6 include amino, me- clopentylcarbonylamino, cyclohexylcarbonylamino 
thylamino, ethylamino, propylamino, isopropylamino, and cycloheptylcarbonylamino groups, of which the 
butylamino, isobutyamino, sec-butylamino, t- cyclopropylcarbonylamino and cyclobutylcar- 
butylamino, dimethylamino, diethylamino, di- 30 bonylamino groups are particularly preferred, 
propylamine diisopropylamino, dibutylamino, me- Where R 3 represents arylcarbonylamino group, the 
thylethylamino, methylpropylamino, N-(methoxyme- aryl part is as defined above, and examples of such 
thyl)amino, N-(2-methoxyethyl)amino, N-(acetoxyme- groups include the benzamido, 1-naphthoylamino, 2- 
thyl)amino, N-(pivaloyloxymethyl)amino, N-(benzoyl- naphthoylamino, o-, n> and p-toluoylamino, o-, m- and 
methy])amino, N-(2-acetoxyethyl)amino, N-(2- 35 p-chlorobenzamido, o-, m- and p-fluorobenzamido, o-, 
pivaloyloxyethyl)amino and N-(2-benzoylethyl)amino m- and p-methoxybenzamido, 2,4-dichlorobenzamido, 
groups, preferably the amino, methylamino, 2,4-difluorobenzamido and 2,4,6-trifluorobenzamido 
ethylamino, N-(acetoxymethyl)amino and N- groups, preferably the benzamido group. 
(pivaloyloxymethyl)amino groups. Where R 3 represents an alkoxycarbonylamino group, 

Where R 3 represents an aralkylamino group, the alkyl 40 this may be a straight or branched chain alkoxycar- 
part is an alkyl group having from 1 to 4, preferably bonylamino group having from 2 to 5 carbon atoms, 
from I to 3, carbon atoms, such as those exemplified that is the alkoxy part has from 1 to 4 carbon atoms, add 
above in relation to R l , especially the methyl, ethyl, examples include the methoxycarbonylamino, ethox- 
propyl or isopropyl groups. The aryl part is as defined ycarbonylamino, propoxycarbonylamino, isopropox- 
above and has from 6 to 10, preferably 6 or 10, ring 45 ycarbonylamino, butoxycarbonylarmno, isobutoxycar- 
carbon atoms. Examples of such aryl groups include the bonylamino, sec-butoxycarbonylamino and t-butox- 
phenyl, 1-naphthyl and 2-naphthyl groups and such ycarbonylamino groups* Of these, we prefer those al- 
groups which are substituted by one or more of substitu- koxycarbonylamino groups having from 1 to 3 carbon 
ents D, defined above and examples of which have been atoms in the alkoxy part and the t-butoxycarbonylamino 
given in relation to the same groups and atoms which 50 group, more preferably the methoxycarbonylamino, 
may be represented by R 1 . The alkyl part may be substi- ethoxycarbonylamino and t-butoxycarbonylamino 
tuted by one or more aryl groups, the maximum being groups. 

dictated only by the number of substitutable positions Where R 3 represents an aralkoxycarbonylamino 
and possibly also by steric constraints; however, from 1 group, the alkoxy part is an alkoxy group having from 
to 3 aryl groups are normally preferred, 1 or 2 being 55 1 to 4, preferably from 1 to 3, carbon atoms, such as 
more preferred and 1 being most preferred. Specific those exemplified above in relation to R 1 , especially the 
examples of the aralkyl amino groups include the ben- methoxy, ethoxy, propoxy or isopropoxy groups. The 
zylamino, N-(l-naphthyImethyl)amino, N-(2-naphthyl- aryl part is as defined above and has from 6 to 10, pref- 
methyI)amino, phenethylamino, N-(a-methylbenzyl- erably 6 or 10, ring carbon atoms. Examples of such aryl 
)amino, N-(3-phenylpropyl)amino, N-{2-phenylpropyl- 60 groups include the phenyl, 1-naphthyl and 2-naphthyl 
)amino, N-(l -phenylpropyl)amino, N-(4-phenylbutyl- groups and such groups which are substituted by one or 
)amuio, benzhydrylamino and tritylamino groups (of more of substituents D, defined above and examples of 
these, the benzylamino group is preferred), and such which have been given in relation to the same groups 
groups which are substituted by one or more of substitu- and atoms which may be represented by R 1 . The alkoxy 
ents D. 65 part may be substituted by one or more aryl groups, the 

Where R 3 represents an alkanoylamino group, this maximum being dictated only by the number of substi- 
may be a straight or branched chain group and has from tutable positions and possibly also by steric constraints; 
1 to 18 carbon atoms. Examples of such groups include however, from 1 to 3 aryl groups are normally pre- 



ferred, 1 or 2 being more preferred and 1 being most 
preferred; Specific examples of the aralkyloxycar- 
bonylamino groups include the benzyloxycar- 
bonylamino, N-(l-napbthylmethoxycarbonyl)amino, 
N-(2-naphthyImethoxycarbonyl)amino, phenethylox- 5 
ycarbonylamino, N<a-methylbenzyloxycarbonyl- 
)amino 1 N^-phenylpropoxycarbonylJairrino, N-(2- 
phenylpropoxycarbonyl)amino, N-(l-phcnylpropox- 
ycarbonyl)amino, N-(4-phenylbutoxycarbonyl)amino, 
benzhydryloxycarbonylamino and trityloxycar- 10 
bonylamino groups (of these, the benzyloxycar- 
bonylamino group is preferred), and such groups which 
are substituted by one or more of substituents D. 

Y represents a group of formula — NH — or an oxy- 
gen or sulfur atom, preferably an oxygen or sulfur atom, 15 
and more preferably a sulfur atom. 

R 3 may be at either the 2- or the 3- position of the 
tetrahydropyrrolopyridyl, tetrahydrothienopyridyl or 
tetrahydrofuropyridyl group, but is preferably at the 
2-position, especially when the Y is an oxygen or sulfur 20 
atom, i.e. on the tetrahydrothienopyridyl or tetrahy- 
drofuropyridyl group. 

In the compounds of the present invention, the car- 
bon atom to which the group represented by R 2 is at- 
tached is an assymetric carbon atom, and other carbon 25 
atoms may be assymetric, and the compounds accord' 
ingiy form optical isomers. Although these are all repre- 
sented herein by a single molecular formula, the present 
invention includes both the individual, isolated isomers 
and mixtures, including racemates thereof. Where ste- 30 
reospecific synthesis techniques are employed or opti- 
cally active compounds are employed as starting mate* 
rials, individual isomers may be prepared directly; on 
the other hand, if a mixture of isomers is prepared, the 
individual isomers may be obtained by conventional 35 
resolution techniques. 

In addition, when the compounds of the present in- 
vention have one or more carbon-carbon double bonds 
or one or more disubstituted cycloalkyl moieties, they 
form cis and trans isomers. The present invention in- 40 
eludes both the individual, isolated isomers and mix- 
tures thereof. 

The compounds of the present invention can form 
acid addition salts. There is no particular restriction on 
the nature of these salts, provided that, where they are 45 
intended for therapeutic use T they are pharmaceutically 
acceptable. Where they are intended for non- 
therapeutic uses, e.g. as intermediates in the preparation 
of other, and possibly more active, compounds, even 
this restriction does not apply. Examples of such acid 50 
addition salts include: salts with mineral acids, espe- 
cially hydrohalic acids (such as hydrofluoric acid, hy- 
drobromic acid, hydroiodic acid or hydrochloric acid), 
nitric acid, carbonic acid, sulfuric acid or phosphoric 
acid; salts with lower alkylsulfonic acids, such as meth- 55 
anesulfonic acid, trifluoromethanesulfonic acid or 
ethanesulfonic acid; salts with arylsulfonic acids, such 
as benzenesulfonic acid or p-toluenesulfonic acid; and 
salts with organic carboxylic acids, such as acetic acid, 
propionic acid, butyric acid, fumaric acid, tartaric acid, 60 
oxalic acid, malonic acid, maleic acid, malic acid, suc- 
cinic acid, benzoic acid, mandelic acid, ascorbic acid, 
lactic acid, gluconic acid or citric acid. 

The compounds of the present invention may also 
readily form hydrates and these, also, form part of the 65 
present invention. 

Additionally, when R 3 represents an amino group or 
a substituted amino group, the resulting compound can 
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form a complex salt with a metal ion, and such complex 
salts also form part of the present invention. Examples 
of such complex salts include salts with calcium chlo- 
ride, magnesium chloride, zinc chloride, ferric chloride, 
stannic chloride and nickel chloride. 

Preferred classes of compounds of the present inven- 
tion are those compounds of formulae (I) and tautomers 
and salts thereof in which; 

(A) R 1 represents a hydrogen atom, an alkyl group 
having from 1 to 4 carbon atoms, a halogen atom, 
a fluoroalkyl group having from 1 to 4 carbon 
atoms and at least one fluorine atom, a hydroxy 
group, an alkoxy group having from 1 to 4 carbon 
atoms, a fluoroalkoxy group having from 1 to 4 
carbon atoms and at least one fluorine atom, an 
alkylthio group having from 1 to 4 carbon atoms, a 
fluoroalkyithio group having from 1 to 4 carbon 
atoms and at least one fluorine atom, an amino 
group, an alkanoyl group having from 1 to 5 car- 
bon atoms, a fluoroalkanoyl group having from 2 
to 5 carbon atoms and at least one fluorine atom, an 
alkoxycarbonyl group having from 2 to 5 carbon 
atoms, a carbamoyl group, a cyano group, a nitro 
group, an alkanesulfonyl group having from 1 to 4 
carbon atoms, a fluoroalkanesulfonyl group having 
from 1 to 4 carbon atoms and at least one fluorine 
atom, or a sulfamoyl group. 

(B) R 2 represents an alkanoyl group having from 2 to 
6 carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one substituent selected from the 
group consisting of substituents A' t defined below t 
a cycloalkylcarbonyl group having from 4 to 7 
carbon atoms, a substituted cycloalkylcarbonyl 
group which has from 4 to 7 carbon atoms and 
which is substituted by at least one substituent 
selected from the group consisting of substituents 
A', defined below, a substituted benzoyl group 
having at least one fluorine substituent, or a 5,6- 
dihydro-l,4,2-dioxazin-3-yl group; and 

said substituents A' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, hydroxy 
groups, methoxy groups, ethoxy groups and cyano 
groups. 

(C) R 3 represents a hydrogen atom, a hydroxy group, 
an alkoxy group having from 1 to 4 carbon atoms, 
an alkoxymethoxy group in which the alkoxy part 
has from 1 to 4 carbon atoms, an alkanoyloxyme- 
thoxy group in which the alkanoyl part has from 1 
to 5 carbon atoms, a benzyloxy group which is 
unsubstituted or is substituted by at least one sub- 
stituent selected from the group consisting of sub- 
stituents D\ defined below, an alkanoyloxy group 
having from 1 to 18 carbon atoms, an alkenoyloxy 
group having 3 or 4 carbon atoms, a cycloalkylcar- 
bonyloxy group having from 4 to 7 carbon atoms, 
a benzoyloxy group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D', defined 
below, an alkoxycarbonyloxy group having from 2 
to 5 carbon atoms, a benzyloxycarbonyloxy group 
which is unsubstituted or is substituted by at least 
one substituent selected from the group consisting 
of substituents D\ defined below, a phthalidyloxy 
group, a (5-methyl-2-oxo-l,3-dioxolen-4-yl)me- 
thoxy group, a (5-phenyl-2-oxo-l,3-dioxolen-4- 
yl)methoxy group, a group of formula — NR*R* 
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wherein R°and R*are independently selected from 
the group consisting of hydrogen atoms, methyl 
and ethyl groups or K a represents a hydrogen 
atom and R* represents an alkanoyloxymethyl 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, 
a benzylamino group, an alkanoylamino group hav- 
ing from 1 to 18 carbon atoms, an alkenoylamino 
group having 3 or 4 carbon atoms, a cycloalkylcar- 
bonylamino group having 6 or 7 carbon atoms, a 
benzoylamino group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D\ defined 
below, an alkoxycarbonylamino group having 
from 2 to 5 carbon atoms or a benzyloxycar- 
bonylamino group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D', defined 
below; 

and 

said substituents D' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, methyl 
groups and methoxy groups, 

(D) Y represents an oxygen or sulfur atom. 
Of these, we prefer those compounds in which R 1 is 

as defined in (A) above, R 2 is as defined in (B) above, 
R 3 is as defined in (C) above and Y is as defined in (D) 
above. 

More preferred classes of compounds of the present 
invention are those compounds of formulae (I) and 
tautomers and salts thereof in which: 

(E) R 1 represents a hydrogen atom, a methyl group, 
an ethyl group, a halogen atom, a methyl group 
substituted by at least one fluorine atom, a hydroxy 35 
group, a methoxy group, an ethoxy group, a me- 
thoxy group substituted by at least one fluorine* 
atom, a methylthio group, a methylthio group sub- 
stituted by at least one fluorine atom, a formyl 
group, an acetyl group, an acetyl group substituted 4Q 
by at least one fluorine atom, an alkoxycarbonyl 
group having from 2 to 4 carbon atoms, a carbam- 
oyl group, a cyano group, a nitro group, a me- 
thanesulfonyl group, an ethanesulfonyl group, a 
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15 



20 



25 



30 



methanesulfonyl group substituted by at least one 45 above 



Of these, we prefer those compounds in which R 1 is 
as defined in (£) above, R 2 is as defined in (F) above, R 3 
is as defined in (G) above and Y is as defined in (D) 
above. 

Still more preferred classes of compounds of the 
present invention are those compounds of formulae (I) 
and tautomers and salts thereof in which: 

(H) R 1 represents a halogen atom, a trifluoromethyl 
group, a hydroxy group, a difluoromcthoxy group, 
a trifluordmethoxy group, a difluoromethylthio 
group, a trifluoromethylthio group, a formyl 
group, an acetyl group, a trifluoroacetyl group, a 
cyano group or a nitro group, 

(I) R 3 represents a hydrogen atom, a hydroxy group, 
a pivaloyioxymethoxy group, an alkanoyloxy 
group having from 2 to 10 carbon atoms, an alkox- 
ycarbonyloxy group having from 2 to 5 carbon 
atoms or a (5-methyl-2-oxo-l,3-dioxolen-4--yl)ine- 
thoxy group. 

(J) Y represents a sulfur atom. 

Of these, we prefer those compounds in which R 1 is 
as defined in (H) above, R 2 is as defined in (F) above, 
R 3 is as defined in (I) above and Y is as defined in (J) 
above. 

The most preferred classes of compounds of the pres- 
ent invention are those compounds of formulae (I) and 
tautomers and salts thereof in which: 

(K) R 1 represents a fluorine or chlorine atom. 

(L) R 2 represents an acetyl group, a propionyl group, 
a substituted acetyl or propionyl group which is 
substituted by at least one fluorine atom, a cyclo- 
propylcarbonyl group, cyclobutylcarbonyl group, 
or a substituted cyclopropylcarbonyl or cy- 
clobutylcarbonyl group which is substituted by at 
least one fluorine atom. 

(M) R 3 represents a hydrogen atom, a hydroxy group, 
a pivaloyioxymethoxy group, an alkanoyloxy 
group having from 2 to 6 carbon atoms or an alkox- 
ycarbonyloxy group having from 2 to 5 carbon 
atoms. 

Of these, we prefer those compounds in which R l is 
as defined in (K) above, R 2 is as defined in (L) above, 
R 3 is as defined in (M) above and Y is as defmed in (J) 
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fluorine atom, or a sulfamoyl group. 

(F) R 2 represents an alkanoyl group having from 2 to 
6 carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one fluorine atom, a cycloalkylcar- 
bonyl group having from 4 to 7 carbon atoms, or a 
substituted cycloalkylcarbonyl group which is sub- 
stituted by at least one fluorine atom. 

(G) R 3 represents a hydrogen atom, a hydroxy group, 
a methoxy group, an ethoxy group, a t-butoxy 
group, a methoxymethoxy group, an alkanoylox- 
ymethoxy group in which the alkanoyl part has 
from 1 to 5 carbon atoms, a benzyloxy group, an 
alkanoyloxy group having from 1 to 12 carbon 
atoms, an alkenoyloxy group having 3 or 4 carbon 60 
atoms, a cycloalkylcarbonyloxy group having from 

4 to 7 carbon atoms, a benzoyloxy group, an alkox- 
ycarbonyloxy group having from 2 to 5 carbon 
atoms, a benzyloxycarbonyloxy group, a 
phthalidyloxy group, a (5-methyI-2-oxo-l,3-dioxol- 
en-4-yl)methoxy group, a (5-phenyl-2-oxo-l f 3- 
dioxolen-4-yl)methoxy group, an amino group or a 
t-butoxycarbonylamino group. 



In all of the above classes of compounds, we prefer 
that n should be from 1 to 3, especially 1 or 2, and most 
preferably J, 

Specific examples of preferred compounds of the 
50 present invention are those compounds of formula (II) 
or (Ila), in which R* R 2 , R 3 /Z and Y are as defined in 
the following Table 1. In the column headed "RtyZ", 
the "R 3 * 1 applies to compounds of formula (II), whilst 
"Z" applies to compounds of formula (Ila): 
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In the Table, the following abbreviations are used to TABLE 1-conturoed 



refer to certain substituent groups: 
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Of the compounds listed above* the following are 
preferred, that is to say Compounds No. 2, 3, 7, 9, 10, 1 1, 
12, 19, 20, 24, 26, 29, 58. 59, 60, 61, 62, 63, 64, 65, 66, 67, 
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79 T 80, 81, 82, 83, 
84, 85, 86, 89,90,98, 99, 106, 107 t 108, 109, 111, 112, 113, 
114, 116, 117, 118, 119, 120, 121, 122, 124, 125, 128, 129, 
131, 132, 133, 135, 137, 140, 142, 144, 149, 151, 156, 160, 
168, 177, 184, 186, 187, 188, 190, 192, 194, 196, 197, 198, 
199, 200, 201, 203, 204, 206, 207, 20B, 209, 210, 233, 234, 
235, 236, 238, 239, 252, 253, 254, 255, 274, 275, 276, 277, 
278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289 
and 290, of which Compounds No. 9, 10, 19, 20, 59, 60, 
63, 64, 66, 69, 71, 72, 75, 76, 83, 84, 85, 86, 98, 106, 113, 
116, 118, 120, 122, 125, 128, 129, 131, 132, 186, 187, 188, 40 
190, 192, 194, 196, 197, 198, 199, 200, 203, 207, 209, 233, 
234, 235, 236, 238, 239, 252, 253, 254, 255, 274, 275, 276, 
277, 278, 279, 281, 282, 283, 284, 285 and 286 are more 
preferred. 

The most preferred compounds are Compounds No,: 45 
1 9, 5-(2-Fluoro-a-propionylbenzyI)-4,5,6,7-tet rahy- 
drothieno[3,2-c]pyridine; 

59. 5-(a-Cyclopropylcarbonyl-2-fluorobenzyl)- 
4,5,6,7-tetrahydrothieno[3,2-c]pyridine; 

60. 5-(2-Chloro-60 -cyclopropylcarbonylbenzyl)- 50 
4,5,6,7-tetrahydrothieno[3,2*c]pyridine; 

190. 2-Acetoxy-5-{a-cyclopropy lcarbonyl-2- 

fluorobenzyO^S^J-tetrahydrothjenotS^-cJpyn- 
dine; 

192. 5-{-60 Cyclopropylcarbonyl-2-nuorobenzyl)-2- " 
propionyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyri- 
dine; 

194. 2-Butyryloxy-5-(a-cyclopropylcarbonyI-2- 
fluorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyri- ^ 
dine; 

196. 5-(a-Cyclopropy)carbonyl-2*fluorobenzyl)-2- 
pivaloy1oxy-4,5,6,7-tetrahydrothieno[3,2-c]pyri- 
dine; 

197. 5-(a-Cyclopropylcarbonyl-2-fluorobenzyl)-2- fi5 
valeryloxy^S^J-tetrahydrothienotS^-clpyri- 

dine; 



198. 5<a-Cyclopropylcarbonyl-2~fluorobenzyl)-2- 
hexanoyloxy-^S^J-tetrahydrothienoP^-cJpyri- 
dine; 

203, 2-t-Butoxycarbonyloxy-5-(a-cyclopropylcarbo- 
nyl-2-fluorobenzy])-4,5,6,7-tetrahyd.rothieno[3,2- 
c]pyridine; 

207. 5<a-Cyclopropylcarbonyl-2-fluorobenzyl)-2- 
pivaloyloxymethoxy*4,5,6,7-tetrahydrothieno[3,2- 
cjpyridine; 

233. 5*(2*ChIoro-a-cyclopropylcarbonylbenzyl)-2- 
oxo-2,4,5,6,7,7a-hexahydrothieno[3,2-c]pyridme 
and its tautomer; 

234. 5-(2-FIuoro-a*propionylbenzyl)-2-oxo- 
2,4,5,6,7, 7a-hexahydrothieno[3,2-c]pyrtdine and its 
tautomer; 

235. 5 (a-Cyclopropylcarbonyl-2-fluorobenzyl)-2- 
oxo-2,4,5,6,7,7a-hexahydrothieno[3 T 2-c]pyridine 
and its tautomer; 

252. 2-Acetoxy-5^2KJhloro-a-cyclopropyIcarbonyK 
benzyI)-4,5,6,7-tetrahydrothieno[3,2K;3pyriduie; 

275, 5[a-(2-Fluorocyclopropylcarbonyl-2-fluoroben- 
zyli^-oxo^^^^JJa-hexahydrothienoP^-clpyri-. 
dine and its tautomer; 

276. 2-Acetoxy-5-[a-{2-fluorocyclopropylcarbonyl- 
2-fluorobenzyl]-4,5,6,7-tetrahydrothieno[3,2- 
c]pyridme. 

The compounds of the present invention can be pre- 
pared by a variety of methods, whose general tech- 
niques are known in the art for the preparation of com- 
pounds of this type. For example, they may be prepared 
by reacting a compound of formula (III): 




(i») 



(in which R l , R 2 and n are as defined above and X 
represents a halogen atom, Tor example a fluorine, chlo- 
rine, bromine or iodine atom, preferably a chlorine or 
bromine atom) with a compound of formula (IV): 



(TV) 



(in which Y is as defined above and R 3fl represents a 
hydrogen atom or a hydroxy or nitro group) to give a 
compound of formula (Ic): 



<lc) 





(in which Ri, R 2 , R 3 *, n and Y are as defined above). 

If required, this compound of formula (Ic) may then 
be subjected to one or more appropriate reactions, as 
explained in more detail hereafter, to convert the hy- 
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droxy or nitro group represented by R 3j to any other 
group represented by R 3 , as defined above. 

These reactions may be summarized in the following 
Reaction Scheme A: 

Reaction Scheme A: 




10 



15 



20 




30 



(I) 



40 



In the above formulae, R 1 , R 2 , R 3 , R 3 * X, Y and n are 
as defined above. 

In Step Al of this Reaction Scheme, the substituted 
benzyl halide of formula (III) is reacted with a con- 
densed hydropyridyl compound of formula (IV), to 
give the compound of formula (Ic). This reaction may 
be carried out in the presence or absence of an inert 
solvent (preferably in the presence of an inert solvent) 45 
and in the presence or absence of a base (preferably in 
the presence of a base). 

There is no specific limitation on the nature of the 
base employed, and any base known for use in reactions 
of this type may equally be used here. Examples of 50 
suitable bases include: organic amines, such as triethyl- 
amine, tributylamine, N-methylmorphoIine, pyridine! 
4-dimethylaminopyridine, picoline, lutidine, colliding 
l,8-diazabicyclo[5.4,0]undec-7-ene or 1,5-diazabicy- 
clo[4.3.0]non-5-ene; alkali metal alkoxides, such as so- 55 
dium methoxide, sodium ethoxide or potassium t-butox- 
ide; alkali metal carbonates, such as sodium carbonate 
or potassium carbonate; and alkali metal hydroxides, 
such as sodium hydroxide or potassium hydroxide. Of 
these, the alkali metal carbonates are preferred. The go 
amount of base employed is not critical, but we would 
generally recommend an amount of base of from an 
equimolar amount to 5 times the equimolar amount with 
respect to the starting material of formula (III). Where 
an excess of the starting material of formula (IV) is 65 
employed, this may also function as the base. Also, if an 
excess of an organic amine is employed as the base, this 
may additionally serve as the solvent. 



The reaction is normally and preferably effected in 
the presence of a solvent. There is no particular restric- 
tion on the nature of the solvent to be employed, pro- 
vided that it has no adverse effect on the reaction or on 
the reagents involved and that it can dissolve the rea- 
gents, at least to some extent. Examples of suitable sol- 
vents include: ethers, such as diethyl ether, tetrahydro- 
furan or dioxane; ketones, such as acetone or methyl 
ethyl ketone; esters, such as ethyl acetate; alcohols, such 
as methanol, ethanol, propano], isopropanol or butanol; 
nitriles, such as acetonitrile; amides, such as N,N-dime- 
thylformamide, N,N-dimethyl acetamide, N-methyI-2- 
pyrrolidone or hexamethyl phosphoric triamide; and 
sulfoxides, such as dimethyl sulfoxide. Of these, the 
amides or the sulfoxides are preferred. 

The reaction can take place over a wide range of 
temperatures, and the precise reaction temperature is 
not critical to the invention. In general, we find it con- 
venient to carry out the reaction at a temperature of 
from 0* C. to 200° C. (more preferably at from about 
room temperature to 150° G), The time required for the 
reaction may also vary widely, depending on many 
factors, notably the reaction temperature and the nature 
of the reagents and solvent employed, However, pro- 
vided that the reaction is effected under the preferred 
conditions outlined above, a period of from 1 to 24 
hours (more preferably from 2 to 15 hours) will usually 
suffice. 

After completion of the reaction, the desired com- 
pound of formula (Ic) can be obtained from the reaction 
mixture by conventional means. For example, if the 
compound is produced immediately in the form of crys- 
tals, these can be separated simply by filtration. Alterna- 
tively, a suitable recovery procedure comprises: adding 
water; neutralizing the mixture, if necessary; extracting 
the mixture with a water-immiscible organic solvent; 
drying the extract; and distilling the solvent off. If nec- 
essary, the product thus obtained can be further purified 
by conventional means, such as re crystallization or the 
various chromatography techniques, for example pre- 
parative thin layer chromatography or column chroma- 
tography, notably column chromatography. 

In the optional second step of this reaction, Step A2, 
the resulting compound of formula (Ic) is converted, if 
desired, to a compound of formula (I). This reaction 
may involve any one or more of the following reactions: 

(1) Where R 30 represents a hydroxy group, alkyla- 
tion, aralkylation or acylation of this hydroxy 
group; 

(2) Where R 3 * represents a nitro group, conversion of 
this nitro group to an amino group; 

(3) Alkylation, aralkylation or acylation of the amino 
group obtained as described in (2) above. 

Alkylation, aralkylation or acylation of the hydroxy 
group in Step A2(l) is carried out in an inert solvent and 
in the presence of a base by reacting a hydroxy com- 
pound of formula (Ic) (R?° represents a hydroxy group) 
with a corresponding alkylating, aralkylating oracylat- 
ing agent, for example an alkyl halide, aralkyl halide, 
acyl halide or acid anhydride. The nature of this com- 
pound will, of course, depend on the nature of the 
group which it is desired to introduce into the com- 
pound of formula (I). However, examples of suitable 
compounds are as follows: 

alkyl halides having from 1 to 4 carbon atoms, such as 
methyl iodide, ethyl bromide, ethyl iodide, propyl 
chloride, propyl bromide, butyl chloride or butyl 
iodide; 
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aralkyl halides having from 7 to 14 carbon atoms, phthalidyl halides, such as phthalidyl chloride; or 
such as benzyl chloride, benzyl bromide, p-methyi- substituted methyl halides, such as (5-methyI- or 

benzyl chloride, p-methoxybenzyl chloride, p- S-phenyl^-oxo^M-dioxolen^yl^ethyl chloride, 

chlorobenzyl chloride, p-fluorobenzyl chloride or The base employed is not critical to the invention, 
naphthylmethyl chloride; 5 provided that it has no adverse effect on other parts of 

alkyl halides from 1 to 4 carbon atoms which are the molecule, and any base commonly used in reactions 
substituted by an alkoxy group having from I to 4 of this type may equally be used here. Examples of 
carbon atoms, by an alkanoyloxy group having suitable bases include: alkali metal hydrides, such as 
from 1 to 6 carbon atoms or by an arylcarbonyloxy lithium hydride or sodium hydride; alkali metal alkox- 
group having from 7 to 11 carbon atoms, such as 10 ides, such as sodium methoxide, sodium cthoxide or 
methoxy methyl chloride, 1-methoxyethyl chlo- ■ potassium t-butoxide; alkali metal carbonates, such as 
ride, 2-methoxyethyl chloride, 1-methoxypropyl 'sodium carbonate or potassium carbonate; and alkali 
chloride, 1-methoxybutyl chloride, ethoxymethyl metal hydroxides, such as sodium hydroxide or potas- 
chloride, propoxymethyl chloride, butoxymethyl sium hydroxide. Of these, the alkah metal hydrides are 
chloride, acetoxymethyl chloride, l*acetoxyethyl preferred. 

chloride, 2-acetoxyethyI chloride, 1-acetoxvpropyl ^ reaction is normally and preferably effected in 
chloride, I-acetoxybutyl chloride, propionylox- the presence of a solvent. There is no particular restnc- 
ymethyl chloride, butyryloxymethy] chloride, tion on the nature of the solvent to be employed, pro- 
valeryloxymethyl chloride, pivaloyloxymethyl , n vided that it has no adverse effect on the reaction or on 
chloride, benzoyloxymethyl cchloride, 1-ben- * he reagents involved and that it can dissolve the rea- 
zoyloxyethyl chloride, p-methylbenzoyloxymethyl E ents > at least to some extent. Examples of suitable sol- 
chloride, p-methoxybenzoyloxymethyl chloride, vents include: ethers, such as diethyl ether, tetrahydro- 
p^chlorobenzoyloxy methyl chloride, p-fluoroben- ^™ or dl0Xane ; keton i es ' su * h acetone or methyl 
zoyloxymethyl chloride or naphthoyloxymethyl 25 *W ke „ tone ; esters >, such ? hyl acetate; mtnles, such 
chloride- M acetonjtnIe ; amides, such as N,N-dimethylforma- 

alkanoyl halides having from 2 to IB carbon atoms or ^ KN-dimethylacetamide, N.methyl-2-pyrrolidone 
a mixed acid anhydride of one such corresponding or hexamethylphosphonc tnamide; and sulfoxides, such 
acid with formic acid, such as acetyl chloride, pro- « ***Oiyl *ulfoxme. Of these, the amides are pre- 
pionyl chloride, butyryl chloride, butyryl bromide, 30 ™? , , £ 

valeryl chloride, isovaleryl chloride, pivaloyl chlo- The reactwn c j an L take P| ace ovc f a Wlde ran S e ° f 
ride, hexanoyl chloride, nonanoyl chloride, deca- temperatures, and the precise reaction temperature is 
noyl chloride, lauroyl chloride, palmitoyl chloride, ^critical to the invention. In general we find it con- 
stearoyl chloride, mixed acid anhydride of formic ^ n «= nt £ ««* ™* * V M %VJ^Tr ?l 
acid and acetic acid, acetic anhydride, propionic 35 T 1 ?. 010 . 1 ™ a ^ pt f M /^° i ^ 
anhydride or butyric anhydride; f °* C.) although this may vary depending j « Jte » 

alkenoyl chlorides having from 3 to 6 carbon atoms, L" re ° f the ^^T^!^^ S J In 

■ , 1 i_i -j *i, 1 i ti * j The time required, for the reaction may also vary 

such as aery loyl chlonde, methacryloyl chloride, \ on f nQlabl ^ ^ 

crotonoyl chlonde or 2 ; hexenoyl chlonde; . ^ £ ture * nd the nature of the reagems and 

cycloalkanecarbonyl halides having from 3 to 7 car- 40 ^ HoweVeri idcd that the reaction 

bon atoms in the eye oalkane part such as cyclo- fa effected H un ' der the preferrcd coitions outlined 

propanecarbonyl chloride, cyclobutanecarbonyl a a perjod of from 3Q minutes tQ 24 hours (more 

chloride, cyclopentanecarbonyl chloride, cy- preferably from 1 10 10 hours) will usually suffice- 

clohexanecarbonyl chlonde or cycloheptanecarbo- ^ ' Jhe reaction rf Stfip A2(2)i which compri ses the 

nyl chloride; ^ conversion of the nitro group represented by in the 

arylcarbonyl halides having from 6 to 10 carbon comp0 und of formula (Ic) into an amino group is prefer- 

atoms in the aryl part, such as benzoyl chlonde, abJy effcctedi in ^ inert solvent and in the presence of 

p-methylbenzoyl chloride, p-methoxybenzoyl m acid ^ by reaction 0 f a ^0 compound of formula (Ic) 

chloride, p-chlorobenzoyl chloride, p-fluorobenz- 5Q ^ w jji c h R3* represents a nitro group with a reducing 

oyl chloride or naphthoyl chloride; agentj f or examp i e a me tal powder. Suitable reducing 

alkoxycarbonyl halides having from 1 to 4 carbon melaI powders include powders of iron, tin or zinc. Of 

atoms in the alkoxy part, or an alkyl carbonate foese^ iron or tin powder is preferred, 

anhydride having from 1 to 4 carbon atoms in the Suitable acids include: mineral acids, such as hydro- 

alkyl part, such as methoxycarbonyl chloride, 55 chloric acid or sulfuric acid; and organic acids, such as 

ethoxycarbonyl chloride, propoxycarbonyl chlo- acetic acid, trifluoroacetic acid, methanesulfonic acid or 

ride, isopropoxycarbonyl chloride, butoxycarbo- p-toluensulfonic acid, Of these, hydrochloric acid or 

nyl chloride, t-butoxycarbonyl chloride, dimethyl acetic acid is preferred. 

dicarbonate, diethyl dicarbonate, dipropyl dicar- jji e reaction is normally and preferably effected in 
bonate, diisopropyl dicarbonate, dibutyl dicarbon- gq the presence of a solvent. There is no particular restric- 
ate or di-t-btttyl dicarbonate; tion on the nature of the solvent to be employed, pro- 
aralkylqxycarbonyl halides having from 7 to 14 car- vided that it has no adverse effect on the reaction or on 
bon atoms in the aralkyl part, such as benzyl ox- the reagents involved and that it can dissolve the rea- 
ycarbonyl chloride, p-methyJbenzyloxycarbonyl gents, at least to spme extent. Examples of suitable sol- 
chloride, p-methoxybenzyloxycarbonyl chloride, 65 vents include: water; ethers, such as diethyl ether, tetra- 
p-chlorobenzyloxycarbonyl chloride, p-fluoroben- hydrofuran or dioxane; alcohols, such as methanol or 
zyloxycarbonyl chloride or naphthylmethoxycar- ethanol; the acid employed for the reaction, as men- 
bonyl chloride; tioned above; or a mixture of any two or more of these 
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solvents. Of these, we prefer to use a mixture of water obtained from the reaction mixture by conventional 
with an acid. means. For example, one suitable recovery procedure 

The reaction can take place over a wide range of comp rises: filtering off any insoluble matter; adding 
temperatures, and the precise reaction temperature is wa ter to the filtrate; if necessary, neutralizing the result- 
not cntical to the invention. In general, we find it con- 5 . ^ extracting it with a water-immiscible or- 
vement to carry out the reaction at a temperature of . , . • ° « „ . . . . mwu A A . 
from -10° C, to 100- C, (more preferably from 0' C to su f * e ^ acetat * * and dls " 

50'C^althoughthismayvarydependingonthenature ^8 ofT thc * oM If «f W> the product thus 
of the starting material of formula (Ic) and on the sol- obtained can be further purified by conventional means, 
vent employed. The time required for the reaction may 10 such as recrystallization or the various chromatography 
also vary widely, depending on many factors, notably techniques, for example preparative thin layer chroma- 
the reaction temperature and the nature of the reagents - tography or column chromatography, notably column 
and solvent employed. However, provided that the chromatography. 

reaction is effected under the preferred conditions out- a salt of the compound of formula (I) can be pre- 
lined above, a period of from 15 minutes to 20 hours 15 parec j oy conventional means, as is well known in the 
(more preferably from 30 minutes to 10 hours) will art. For example, the compound offormu3a(I) is treated 
usually wffe. t IHto reaction is earned out m an or- ^ an ac - d such B hydrochloric acid or maleIc acid , 
game acid and m the presence of one of the acid anhy- diisopropyl 
dndes mentioned later in connection with the reaction ' * !; * " mi™,* vi 
of Step A2(3), this reaction affords an amino-acylated 20 ether > ** d * e crystals are recovered by filtra- 

compound. * 10n - 

Conversion of the nitro group into an amino group An optically active compound of formula (I) can be 
can be also conducted in a similar manner to Step C2(4) prepared by using a corresponding optically active 
of Reaction Scheme C as described hereafter, and, in benzyl halide of formula (II) as the starting material, or 
this case, any nitro group contained in R 1 is converted 25 by optical resolution of a racemic compound of formula 
into an amino group at the same time, (T) by conventional means* such as fractional crystalliza- 

Alkylation, aralkylation or acylation of the amino $ 0Tl or liqu j d chromatography, 
group can be conducted by reacting an amino com- ^ condcnsed hydropyridyl compound of formula 
pound of formula (1c) m which ^represents an ammo Qy) used ^ Qnc Qf ft . materials, is known or 
group wjth a correspondmg alkyl hahde, aralky! hahde 30 ^ method 
acyl hahde or acid anhydride [for example: an alkyl J . j / A , _ * w j « ™. 

halide having from 1 t Q 4 carbon atoms; an alkyl halide ~ p, %^^ ^ " 

having from 1 to 4 carbon atoms which is substituted by 9 (5), 487-490 (1974); and Japanese Patent Kokai 

an alkoxy group having from 1 to 4 carbon atoms, by an Application No. Sho 61-246186]. Compounds of for- 
alkanoyloxy group having from 1 to 6 carbon atoms or 25 mula (IV) having a nitro group as the group R 3ff are 
by an arylcarbonyloxy group having from 6 to 10 car- known or can be prepared as follows: 
bon atoms in the ar yl moiety; an aralkyl halide having The imino group in a compound corresponding to the 
from 7 to 14 carbon atoms; an alkanoyl halide having compound of formula (IV), but in which the group R 3 * 
from 2 to 1 8 carbon atoms or a mixed acid anhydride of ; s a hydrogen atom [which can easily be prepared by 
a corresponding acid with formic acid; an alkenoyl 40 any faown method (for example as described in Japa- 
halide having from 3 to 6 carbon atoms; a cycloalk- nes£ patent Kokai App i ication NOf Sho 62 -103088)]is 
anecarbonyl hahde having from 3 to 7 carboii .atoms in ^ tecti reaction ^ be ^ctet in 

the cycloalkane moiety; an arylcarbonyl halide having F . *\ e * _ 

from6tol0carbotiatomsi n thearylmoiety;analkoxy- a ^ way to that described m Step A2(3) of Reac- 
carbonyl halide having from 1 to 4 carbon atoms in the 45 tlon Scheme A, above. The protecting group may be, 
alkoxy moiety; an alkyl carbonate anhydride having for example, an acyl group, such as an alkanoyl group 
from 1 to 4 carbon atoms in the alkyl moiety; an aralk- having from 1 to 18 carbon atoms as exemplified above, 
yloxycarbonyl halide having from 7 to 14 carbon atoms The protected compound is then allowed to react in an 
in the aralky] moiety; a phthalidyl halide; or a (5-methyJ inert solvent (which may be, for example, a fatty acid, 
or 5-phenyl-2~oxo-l,3-dioxoIen-4-yl)methyl halide, all 50 such as acetic acid or propionic acid, or acid anhydride, 
as exemplified above in relation to Step A2(l)]. This sucn ^ ace y c anhydride or propionic anhydride, or a 
reaction normally and preferably takes place in an inert m j xlure 0 f any two or more thereof) with a nitrating 
solvent and in the presence of a base If it is desired to (sucJl u ^ mtric acid or anhydrous nitric 

prepareamono-alky^ for k from Q * c 

4 carbon atoms, we prefer to use about an equimolar 55 ' ^ _ c r ._ , 

amount of an alkyl halide having from 1 to 4 carbon to 50 C " for M*npd f for exam P le > from * 5 ™ es 
atoms with respect to the compound of formula (I); on t0 5 hours » and ls fina]lv Wlth » ac(d < such as 

the other hand, the desired compound is a di-alkylamino aqueous hydrochloric acid or aqueous sulfuric acid) at a 
compound having from 1 to 4 carbon atoms in each suitable temperature, for example from 20* C to 100° 
alkyl moiety, it is preferred to use more than about 2 60 C, for a period of, for example, from 15 minutes to 5 
moles of an alkyl halide having from 1 to 4 carbon hours to remove the protecting group, 
atoms per mole of the compound of formula (I). The compound of formula (III), which is the other 

The reaction is essentially the same as that employed starting material, can easily be prepared, for example by 
in Step Ai, and may be carried out using the the reap- the processes sho wn below in Reaction Schemes B, C, 
tion conditions, base and solvent as described above in 65 D and £ 
relation to that reaction. 

After completion of the reaction or any of the reac- 
tions described above, the desired compound can be Reaction Scheme B: 



29 
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Reaction Scheme D: 



In these formulae, R l , X and n are as defined above. 
Ri* represents a hydrogen atom, an alkyl group hav- 
ing from 1 to 4 carbon atoms, a ha]ogen atom, a haloal- 
kyl group having from I to 4 carbon atoms and at least 
one halogen atom, a hydroxy group, an alkoxy group 
having from 1 to 4 carbon atoms, a haloalkoxy group 
having from 1 to 4 carbon atoms and at least one halo- 
gen atom, an alkylthio group having from 1 to 4 carbon 
atoms, a haloalkylthio group having from 1 to 4 carbon 
atoms and at least one halogen atom, an amino group, an 
protected alkanoyl group having from 1 to 5 carbon 
atoms in the alkanoyl part, a protected haloalkanoyl 
group having from 2 to 5 carbon atoms and at least one 
65 halogen atom in the haloalkanoyl part, a carbamoyl 
group, a nitro group, an alkanesulfonyl group having 
from 1 to 4 carbon atoms, a haloalkanesulfonyl group 
having from 1 to 4 carbon atoms and at least one halo- 



55 



60 
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gen atom, or a sulfamoy] group. That is, it represents 

the same groups as does R 1 , other than the cyano, car- OR 6 pcvii) 

boxy and alkoxy* carbonyl, and the alkanoyl groups and I 

the haloaikanoyl groups are protected. = ^ 

R 16 represents a hydrogen atom, an alkyl group hav~ 5 or 7 
ing from 1 to 4 carbon atoms, a halogen atom, a 

haloalkyl group having from 1 to 4 carbon atoms in which R 6 and R 7 are the same or different and each 

and at least one halogen atom, a protected hydroxy represents an alkyl group having from 1 to 4 carbon 

group, an alkoxy group having from 1 to 4 carbon atoms (such as a methyl, ethyl, propyl, isopropyl or 

atoms, a haloalkoxy group having from I to 4 car- butyl group) or R 6 and R 7 together form an alkylene 

bon atoms and at least one halogen atom, an alkyl- group having 2 or 3 carbon atoms (such as an ethylene 

thio group having from 1 to 4 carbon atoms, a or irimethylene group). We prefer an acctal or ketal in 

haloalkylthio group having from 1 to 4 carbon which R 6 and R 7 are each a methyl or ethyl group, or 

atoms and at least one halogen atom, an protected 15 r6 ^ R7 together form an ethylene or trimethylene 

alkanoyl group having from 1 to 5 carbon atoms in group. 

the alkanoyl part, a protected haloaikanoyl group The nature of the hydroxy-protecting groups which 

having from 2 to 5 carbon atoms and at least one employed in this reaction is not critical and any 

halogen atom in the haloaikanoyl part, a nitro hydroxy-protecting group known for use in this type of 

group, an alkanesulfonyl group having from 1 to 4 20 rea ? ion ^ be employed here. Examples of 

carbon atoms, or a haloalkanesulfonyl group hav^ su * h * rou P s mc ^* *™* s denve f fr ? m ****** 

ing from 1 to 4 carbon atoms and at least one halo- ^ such 85 the *trahydropyranyl or tetrahydrofur- 

gen atom. That is, it represents the same groups as £ rou ^ « „ * , - , v 

5* » i —i. H *£ * .... A u I" Reaction Scheme B, a compound of formula (Ilia} 

do« Ri, other than the ammo, cyano carboxy, . compound offormula (DI) in which 
carbamoyUulfiunoyl and alkoxycarbonyl groups, 25 

and the alkanoyl groups, the hatodkanoyl groups & g m Qf ^ R ^ Qn ^ & und of 

and the hydroxy groups are protected. fonnu]a ^ js ed b , compomd of 

Rle represents the same groups as are defined above fonnu]a ^ ^ hydroxylamine or with a mincral acid 

for Rl, except that the alkanoyl group havmg from 1 to ^ of hydroxv]amine (such ^ the hydrochloride or the 

5 carbon atoms and the haloaikanoyl group havmg from sulfate) in an inert soIvent {for example> an such 

2 to 5 carbon atoms are protected. „ methano i or et hanol) and in the presence of a base 

R*a represents the same groups as are defined above (for eMm ple, an alkali metal alkoxide such as sodium 

for R 2 , other than the dmydrod.oxazmyl group. methoxidc, sodium ethoxide or potassium t-butoxide) at 

R* represents an alkyl group having from 1 to 4 car- is a suitab ] e temperature, preferably from 0' C. to 150' C. 

bon atoms. (more preferably from about room temperature to 100° 

R s represents a hydrogen atom, an alkyl group hav- c.) for a suitable period, preferably from 1 to 24 hours 

ing from 1 to 9 carbon atoms, a substituted alkyl group (more preferably from 2 to 15 hours), 

which has from 1 to 9 carbon atoms and which is substi- In Step B2 of this Reaction Scheme, a compound of 

tuted by at least one substituent selected from the group 40 formula (VII) is prepared by reacting a compound of 

consisting of substituents A, defined above, an alkenyl formula (VI) with a compound of formula (XVIII): 
group having from 2 to 5 carbon atoms, a substituted 

alkenyl group which has from 2 to 5 carbon atoms and x ° CH 2CH 2 X* pcviii) 

which is substituted by at least one substituent selected . . , 

from the group consisting of substituents A, defined 45 ™ which X" and X*are the same or different and each 

above, a cycloalkyl group having from 3 to 7 carbon represents a halogen atom. The reaction is normally and 

atoms, a substituted cycloalkyl group which has from 3 preferably effected m the presence of a solvent. There is 

to 7 carbon atoms and which is substituted by at least J» P art ! cuIar restr.ct.on on the nature of the solvent to 

one substituent selected from the group consisting of * ^ployed, provided that ,t has no adverse effect on 

substituents A, defined above, or a substituted phenyl » the ruction or on the reagents mvolved, and that ,t can 

« ' , 4 . V ^ , . • f V dissolve the reagents, at least to some extent. Examples 

group having at least one substituent selected from the ^ ^ and ^ B 

group consisting of substituents B, defined above, and melhanol Qr ethanoJi ^ reaction is ^ referabIy 

provided that any hydroxy group in substituents A is efTected fa lhe preS ence of a base, the nature of which is 

protected That is, it represents any of the groups (other 55 ^ M crjtical tQ the ent invention . Examp i es of 

than the dihydrodroxazmyl group) defined above for such bases indude; ^ melaj caib0Mto| such M 

R2 t but without the terminal carbonyl group. sodium carbo nate or potassium carbonate; and alkali 

R5* represents any of the groups represented by R*, metaI hydroxides, such as sodium hydroxide or potas- 

except that the hydroxy group of substituent A need not sium hydroxide. The reaction can take place over a 

be protected. 60 y^e range of temperatures, and the precise reaction 

There is no particular limitation on the nature of the temperature is not critical to the present invention. In 

protecting group for the alkanoyl group having from I general, we find it convenient to carry out the reaction 

to 5 carbon atoms or the haloaikanoyl group having at a temperature of from 0* C. to 200 s C. (more prefera- 

from 2 to 5 carbon atoms, and any such group com- biy at a temperature from about room temperature to 

monly used for the protection of aldehydes and ketones 65 150" C). The time required for the reaction may also 

in the field of organic chemistry. Examples include an vary widely, depending on many factors, notably the 

acetal or ketal containing a carbonyl moiety as shown in reaction temperature and the nature of the reagents and 

the following formula: solvent employed. However, provided that the reaction 
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is effected under the preferred conditions outlined the preferred conditions outlined above, a period of 

above, a period of from 1 to 24 hours (more preferably from 1 to 24 hours (more preferably from 2 to 15 hours) 

from. 2 to 15 hours) will usually suffice. will usually suffice. 

Step B3 of this Reaction Scheme is optional to give a Conversion of the halogen atom into a carboxy group 

compound of formula (VIII), and may consist of one or 5 in Step B3(3) of this Reaction Scheme is preferably 

more of the following reactions: effected by reacting the corresponding compound of 

(1) Removal of the alkanoyl or haloalkanoyl-protect- formula (VII) with magnesium. The reaction is nor- 
ing group contained in R ,fl ; malty and preferably effected in the presence of a sol- 

(2) Conversion of the halogen atom contained in R ,tf vent. There is no particular restriction on the nature of 
into a cyano group; 10 the solvent to be employed, provided that it has no 

(3) Conversion of the halogen atom contained in R lff adverse effect on the reaction or on the reagents u> 
into a carboxy group, followed, if desired, by con- volved and that it can dissolve the reagents, at least to 
version of the carboxy group into an alkoxycar- some extent. Examples of suitable solvents include: 
bonyl group having from 1 to 4 carbon atoms in the ethers, such as diethyl ether or tetrahydrofuran. The 
alkoxy moiety. 15 reaction can take place over a wide range of tempera- 

In Step B3(l) of this Reaction Scheme, removal of tures, and the precise reaction temperature is not critical 
the alkanoyl- or haloalkanoyl-protecting group can be to the invention. In general, we find it convenient to 
effected by conventional means commonly employed in carry out the reaction at a temperature of from 0* C. to 
the field of organic chemistry. For example, if the pro- 15CP C. (more preferably at a temperature from about 
tecting group is an acetal or a ketal, a corresponding 20 room temperature to 100° C). The time required for the 
compound of formula (VII) is reacted with an acid (for reaction may also vary widely, depending on many 
example, a mineral acid, such as hydrochloric acid, factors, notably the reaction temperature and the nature 
sulfuric acid or nitric acid; or an organic acid, such as of the reagents and solvent employed.' However, pro- 
acetic acid, trifluoroacetic acid, methanesulfonic acid or vided that the reaction is effected under the preferred 
p-toluenesulfonic acid). The reaction is normally and 25 conditions outlined above, a period of from 30 minutes 
preferably effected in the presence of a solvent There is to 24 hours (more preferably from 1 to 10 hours) will 
no particular restriction on the nature of the solvent to usually suffice. The resulting Grignard reagent is then 
be employed, provided that it has no adverse effect on reacted with carbon dioxide gas at a temperature from, 
the reaction or on the reagents involved, and that it can for example, 0° C. to 150° C. (more preferably at a 
dissolve the reagents, at least to some extent. Examples 30 temperature from about room temperature to 100* C) 
of suitable solvents include: water and alcohols, such as for a suitable period, for example from 30 minutes to 24 
methanol or ethanol. The reaction can take place over a hours (more preferably from I to 10 hours), 
wide range of temperatures, and the precise reaction Conversion of the resulting carboxy group into an 
temperature is not critical to the invention. In general, alkoxycarbonyl group having from I to 4 carbon atoms 
we find it convenient to carry out the reaction at a 35 can, if desired, be conducted by reacting the corre- 
temperature of from 0' C. to 100" C. (more preferably at sponding carboxylic acid with an alcohol having from 1 
a temperature from about room temperature to 50" G), to 4 carbon atoms, such as methanol, ethanol, propanol, 
The time required for the reaction may also vary isopropanol or butanol, in the presence of an acid (for 
widely, depending on many factors, notably the reac- example, a mineral acid, such as hydrochloric acid, 
tion temperature and the nature of the reagents and 40 sulfuric acid or nitric acid; or an organic acid, such as 
solvent employed. However, provided that the reaction acetic acid, trifluoroacetic acid, methane, sulfonic acid 
is effected under the preferred conditions outlined or p-toluensulfonic acid). The reaction can take place 
above, a period of from 10 minutes to 5 hours (more over a wide range of temperatures, and the precise 
preferably from 30 minutes to 2 hours) will usually reaction temperature is not critical to the invention. In 
suffice. 45 general, we find it convenient to carry out the reaction 

Conversion of a halogen atom into a cyano group in at a temperature of from 0* C to 100* C (more prefera- 

Step B3(2) of this Reaction Scheme is preferably ef- bly at a- temperature from about room temperature to 

fected by reacting the corresponding compound of 50' G). The time required for the reaction may also 

formula (VII) with a metal cyanide, such as sodium vary widely, depending on many factors, notably the 
cyanide, potassium cyanide or copper cyanide. The 50 reaction temperature and the nature of the reagents and 

reaction is normally and preferably effected in the pres- solvent employed. However, provided that the reaction 

ence of a solvent. There is no particular restriction on is effected under the preferred conditions outlined 

the nature of the solvent to be employed, provided that above, -a period of from 30 minutes to 5 hours (prefera- 

it has no adverse effect on the reaction or on the rea- bly from 1 to 2 hours) will usually suffice. Rather than 
gents involved and that it can dissolve the reagents, at 55 using any additional solvent, this reaction is usually 

least to some extent. Examples of suitable solvents in- carried out by using as the solvent a large excess of the 

elude: amides, such as dimethyl fonnamide or dimethyl- alcohol having from I to 4 carbon atoms, which is one 

acetamide; and ethers, such as diethyl ether or tetrahy- of the reagents. 

drofuran. The reaction can take place over a wide range In Step B4, a compound of formula (Ilia) is prepared 
of temperatures, and the precise reaction temperature is 60 by reacting a compound of formula (VIII) with a haloi- 

not critical to the invention. In general, we find it con- mide, such as N-chlorosuccimide, N-bromosuccimide 

venient to carry out the reaction at a temperature of or N-iodosuccimide in the presence of a radical initia- 

from 0* C. to 200" C. (more preferably at a temperature tor, such as benzoyl peroxide, or by reacting said com- 

from about room temperature to 150°. C.)» The time pound of formula (VIII) with a halogen, such as chlo- 
required for the reaction may also vary widely, depend- 65 rine, bromine or iodine, in an inert solvent (for example, 

ing on many factors, notably the reaction temperature a halogenated hydrocarbon, preferably a halogenated 

and the nature of the reagents and solvent employed. aliphatic hydrocarbon, such as methylene chloride, 

However, provided that the reaction is effected under chloroform or carbon tetrachloride). The reaction can 
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take place over a wide range of temperatures, and the (3) Conversion of the halogen atom contained in R 1 * 
precise reaction temperature is not critical to the inven- into a cyano group, and then optionally into a car- 

tion. In general, we find it convenient to carry out the bamoyl group, and then optionally into a carboxy, 

reaction at a temperature offromO'C. to 100 s C (more and finally optionally into an alkoxycarbonyl 

preferably at a temperature from about room tempera- 5 group having from 1 to 4 carbon atoms in the alk- 
tnre to 50* C). The time required for the reaction may oxy moiety; 

also vary widely, depending on many factors, notably (4) Conversion of the nitro group contained in Ri* 
the reaction temperature and the nature of the reagents into an amino group; and 

and solvent employed. However, provided that the (5) Conversion of the alkylthio group contained in 
reaction is effected under the preferred conditions out- 10 R^into a sulfamoyl group, 
lined above, a period of from 30 minutes to 20 hours Removal of the alkanoyl or haloalkanoyl-prolecting 
(more preferably from 1 to 15 hours) will usually suf- group in Step C2(l) and removal of the hydroxy- 
fice. protecting cyclic ether group in Step C2(2) can be con- 

In Reaction Scheme C, a compound of formula (IUb) ducted in a similar way to that in Step B3(l) of Reaction 
is prepared. This is a compound of formula (III) in W Scheme B, as described above, 
which R 2 is replaced by R 2 *, that is any or the groups Conversion of the halogen atom into a cyano group 
defined above for R 2 except a dihydrodioxazinyl group. in Step C2(3) can be conducted in a similar way to that 
In Step CI of this Reaction Scheme, a compound of in Step B3(2) of Reaction Scheme B, as described 
formula (X) is prepared by reacting a compound of above. In this reaction, it is preferred not to use as the 
formula (DC) with magnesium in an inert solvent (for 2 <3 starting material a compound of formula (X) containing 
example, an ether, such as diethyl ether or tetrahydrofu- * halogen atom in the substituent of R=. If a compound 
ran), to give a Grignard reagent. The reaction can take containing a halogen atom in the substituent R 5 is used, 
place over a wide range of temperatures, and the pre- conversion of this halogen atom into a cyano group is 
cise reaction temperature is not critical to the invention. ^so possible. 

In general, we find it convenient to carry out the reac- ^ Successive conversion of the cyano group into car- 
tion at a temperature of from 0* C. to 150* C. (more bamoyl carboxy groups can be conducted byreac- 
preferably at a temperature from about room tempera- 4l0n of a corresponding compound of formula (X) with 
ture to 100° C ). The time required for the reaction may to aqueous mineral acid (such as aqueous sulfuric acid, 
also vary widely, depending on many factors, notably a <^ous hydrochloric acid or aqueous nitric acid). The 
the reaction temperature and the nature of the reagents 3° action can take place over a wide range of tempera- 
and solvent employed. However, provided that the tures, and the precise reason temperature is not cnucal 
reaction is effected under the preferred conditions out- t0 the ^vention. In general, we find it convenient to 
lined above, a period of from 30 minutes to 24 hours carr 0 ^ the reaction at a temperature of from 0 C. to 
(more preferably from 1 to 10 hours) will usually suf- 200 C < more P refer ^ j>t a temperature from about 
fice. The resulting Grignard reagent is then reacted 35 room temperature to 100^ Cp The pme required for the 
with a compound of formula (XIX), (XX) or (XXI): «"**n "»» vary widely, depending on many 
r factors, notably the reaction temperature and the nature 

rw_cn (XlX) of the reagents and solvent employed. However, pro- 

vided that the reaction is effected under the .preferred 
R 5f -cox (XX) 40 conditions outlined above, a period of from I to 24 

hours (more preferably from 2 to 15 hours) will usually 
or suffice. In this reaction, it is possible to choose whether 

the carbamoyl or the carboxy compound will be ob- 
R 5 — CO— O— CO^R 5c (XXI) tained by adjusting the acid concentration. For exam- 

45 pie, the carbamoyl compound can be obtained by reac- 
in which R* and X are as defined above; represents tion in about 90% sulfuric acid, and then it can be con- 
any of the groups defined for R 5 , except a group having verted into the carboxy compound by reaction in about 
a cyano substituent; and R 5c represents any of the 60% sulfuric acid, 

groups defined for R 5 , except a hydrogen atom. The Conversion of the carboxy group into an alkoxycar- 
reaction can take place over a wide range of tempera- 50 bonyl group having from 1 to 4 carbon atoms in the 
tures, and the precise reaction temperature is not critical alkoxy moiety can be conducted in a similar way to that 
to the invention. In general, we find it convenient to described in Step B3(3) of Reaction Scheme B, as de- 
carry out the reaction at a temperature of from 0° C. to scribed above. 

150° C. (more preferably at a temperature from about Conversion of the nitro group into an amino group in 
room temperature to 100° C). The time required for the 55 Step C2(4) can be conducted by reacting the corre- 
reaction may also vary widely, depending on many spending compound of formula (X) with hydrogen gas 
factors, notably the reaction temperature and the nature (preferably at from 1 atmosphere to 5 atmospheres) in 
of the reagents and solvent employed. However, pro- an inert solvent (for example, an alcohol, such as metha- 
vided that the reaction is effected under the preferred nol or ethanol) and in the presence of a reducing cata- 
conditions outlined above, a period of from 30 minutes 60 lyst (such as Raney-nickel, palladium-on-carbon or plat- 
to 24 hours (more preferably from 1 to 10 hours) will inum oxide). The reaction can take place over a wide 
usually suffice. range of temperatures, and the precise reaction temper- 

Step C2 of Reaction Scheme C comprises one or ature is not critical to the invention. In genera!, we find 
more of the following optional reactions: it convenient to carry out the reaction at a temperature 

(1) Removal of the alkanoyl or haloalkanoyl-protect- 65 of from 0" C. to 150* C. (preferably at room temperature 
ing group contained in R 1 *; to 100* C). The time required for the reaction may also 

(2) Removal of the hydroxy-protecting group con- vary widely, depending on many factors, notably the 
tained in R lfr , R 5 etc; reaction temperature and the nature of the reagents and 
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solvent employed. However, provided that the reaction In Step D2 of Reaction Scheme D, a compound of 
is effected under the preferred conditions outlined formula (XIV) is prepared by reacting a compound of 
above, a period of from 30 minutes to 24 hours (more formula (XIII) with a reducing agent (such as zinc or 
preferably from I to 10 hours) will usually suffice. iron) in an inert solvent (for example, an organic acid, 

Conversion of the alkylthio group into a sulfamoyl 5 such as acetic acid or propionic acid) and in the pres- 
group in Step' C2(5) can be conducted by reacting a ence of water. The reaction can take place over a wide 
corresponding compound of formula (X) with a haloge- range of temperatures, and the precise reaction temper- 
nating agent (such as chlorine or bromine) in an inert ature is not critical to the invention. In general, we find 
solvent (for example, water, an organic acid, such as it convenient to carry out the reaction at a temperature 
acetic acid or propionic acid or a mixture of any two or 10 of from about room temperature to 250 C. (more pref- 
more thereof), to give a sulfonyl halide. The reaction erably at from 50' C to 150* C). The time required for 
can take place over a wide range of temperatures, and the reaction may also vary widely, depending on many 
the precise reaction temperature is not critical to the ' factors, notably the reacdon temperature and the nature 
invention. In general, we find it convenient to carry out of the reagents and solvent employed. However, pro- 
the reaction at a temperature of from - 10" C. to 100' C. 15 vided that the reaction is effected under the preferred 
(more preferably at from 5* C. to 50* C). The time conditions outlined above, a period of from 30 minutes 
required for the reaction may also vary widely, depend- to 24 hours (more preferably from 1 to 10 hours) will 

ing on many factors, notably the reaction temperature usually wait*. 

and the nature of the reagents and solvent employed. Step D3 of this Reaction Scheme is op tonal and 
However, provided that the reaction is effected under 20 comprises removal of the alkanoyl, or haloalkanoyl 
the preferred conditions outlined above, a period of protecting group contained in RK The removal reac- 
from 30 minutes to 24 hours (more preferably from 1 to "on is essentially the same reaction as that employed in 
10 hours) will usually suffice. The resulting sulfonyl Step B3 of Reaction Scheme B, and may be earned out 
halide is then reacted with ammonia in an inert solvent employing the same reagents and reaction conditions, 
(for example, water or an alcohol, such as methanol or 25 Reaction Scheme E provides an amative route for 
ethanol) at, for example, from 0' C. to 100' C. (more preparing a compound of formula (XI), which is abo 
preferably at room temperature to 50" C.) for a suitable prepared m Step C2 of Reaction s *^^*f ^» 
period, for example from 30 minutes to 24 hours (more the compound of formula (XI) is aformyl group, that u 
preferably from 1 to 10 hours). a compound of formula (XIa). 

In Step C3 of Reaction Scheme C, a compound of 30 In Step El of Reaction Scheme E, a compound of 
formula (Hlb) is prepared by halogenation of the com- »™"> » £VJ> « P"pared by reacting a compound of 
pound of formula (XI) prepared in Step C2. This reac formula QLV) with a reducing agent [for example an 
lion is essentially the same as that described in Step B4 aluminum hydride, such as litom tn<t-butox- 
of Reaction Scheme B, and may be carried out using the y)alum,num hydride or lithium alummum ' Wnde]. The 
same reagents and reaction conditions. " reaction is normally and preferably effected in _ toe pres- 

Reaction Scheme D provides an alternative route for ence of a solvent There* no particular «sMion o 
preparing the compound of formula (XI), which is also the nature of the solvent to be employed, provided ttat 
Erejared tin Step C2 of Reaction Scheme C. 't has no adverse effect on the reaction or or the rea- 

In Step Dl of Reaction Scheme D, a compound of gents involved and that it can dissolve the reagents, at 
formula (XIII) is prepared by reacting a compound of 40 least to some extent. Examples of suitable solvents in- 
formula PCII) with acompound of fonuula (XXII): elude ethers, such as ^^<*£^$£X- 

The reaction can take place over a wide range of tem- 
o 2 n-ch 2 -R 5 * (XXII) peratures, and the precise reaction temperature is not 

critical to the invention. In general, we find it conve- 
in which R 5 * is as defined above. The reacdon is nor- 45 nient to carry out the reaction at a temperature of from 
raally and preferably effected in the presence of a sol- -3(T C. to 50' C (more preferably at from 0' G to 
vent. There is no particular restriction on the nature of room temperature). The time required for the reaction 
the solvent to be employed, provided that it has no may also vary widely, depending on many factors, nota- 
adverse effect on the reaction or on the reagents in- bly the reaction temperature and the nature of the rea- 
volved and that it can dissolve the reagents, at least to 50 gents and solvent employed. However, provided that 
some extent. Examples of suitable solvents include or- the reaction is effected under the preferred conditions 
ganic acids, such as acetic acid or propionic acid. The outlined above, a period of from 1 to 24 hours (more 
reaction is also normally and preferably effected and in preferably from 2 to 15 hours) will usually suffice, 
the presence of a base, for example, an ammonium salt Step E2 of Reaction Scheme E is optional and com- 
of an organic acid, such as ammonium acetate, ammo- 55 prises one or more of the following reactions: 
nium propionate or ammonium benzoate. The reaction (1) Removal of the alkanoyl or haloalkanoyUprotect- 
can take place over a wide range of temperatures, and ing group contained in R lff ; 

the precise reaction temperature is not critical to the (2) Conversion of the halogen atom contained in R l<a 
invention. In general, we find it convenient to carry out into a cyano group, which may then, if desired, be 

the reaction at a temperature of from about room tern- 60 converted into a carboxy group, which finally 
perature to 200° C. (more preferably at from 50° C, to may, if desired, be converted into an alkoxycar- 

150° C). The time required for the reaction may also bonyJ group. 

vary widely, depending on many factors, notably the These reactions are essentially the same as those de- 
reaction temperature and the nature of the reagents and scribed above in relation to Step C2 of Reaction 
solvent employed. However, provided that the reaction 65 Scheme C, and may be carried out employing the same 
is effected under the preferred conditions outlined reagents and reaction conditions, 
above, a period- of from 1 to 24 hours (more preferably After completion of any of these reactions, the de- 
from 2 to 15 hours) will usually suffice. sired compound can be recovered from the reaction 
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mixture by conventional means. For example, insoluble Compound A: 5 (2-ch]orobenzyi)-4,5,6,7-tetrahydn> 

matter, if any, is filtered off, and, if the reaction solution tMeno[3,2-c]pyridine; 

is acidic or alkaline, the solution is neutralized. The Compound B; 5-(2-chloro*a-methoxycarbonylben- 

desired product can then be recovered by distilling off zyl) 4,5A7-tetrahydrothieno[3^c]pyridine. 

the solvent, or by adding water, extracting the resulting 5 TEST EXAMPLE 1 
mixture with a water-immiscible organic solvent, such 

as ethyl acetate, drying the extract, and then distilling Inhibition of Blood Platelet Aggregation 

off the solvent. If necessary, the product thus obtained Female rats of the SD strain (supplied by Japan 

can be further purified by conventional means, such as char i es River Inc) were divided - miQ groups of 4 ^ 

recrystallization or the various chromatography tech- 1U for the test A of the drug t0 ^ tested was sus . 

niques, for example preparative thin layer chromatogra- pended in a 5% w/v aqueous solution of gum arabic, 

phy or column chromatography, notably column chro- ■ administered orally to the rats 4 hours before the 

matography. test As a con t ro i i a %% w /v aqueous solution of gum 

Alternatively, when the desired compound is a car- arabic was administered to a control group of rats, with- 

boxylic acid derivative, it may be recovered from the outany tesl drug . B lood platelet aggregation was tested 

reaction medium by the following procedure: making according to the method of P. Lumley and P. P. A. 

the reaction solution alkaline; extracting the resulting Humphrey [J. Pharmacol. Methods 6, 153-166 

mixture with a water-immiscible organic solvent, such (1981)]with a partial modification. From the abdominal 

as ethyl acetate; neutralizing the aqueous layer, extract- 2Q aorta of the anesthetized rat, 5.4 ml of a blood sample 

ing the desired compound with a water-immiscible or- W as taken in 0,6 ml of a 3.8% (w/v) sodium citrate 

game solvent, such as ethyl acetate; drying the extract; solution serving as an anticoagulant. The resulting ci- 

and then distilling off the solvent. trate-containing blood samples were poured into cu- 

The compounds of the present invention prepared as vettes, with 1.2 ml in each cuvette, and stirred (1000 

described above may be converted to acid addition salts 2 $ rpm) at 37" C. After preliminary heating for 2 minutes, 

and/or to complexes with metal ions by methods well 0.3 ml of the blood sample was taken out of each of the 

known in the art cuvettes, and the blood platelet count was measured by 

BIOLOGICAL ACTIVITY means of an automatic blood cell counter (E-4000, Sys- 

^ . , t w, i mex); this was regarded as the blood platelet count 

The compounds of formula (I) and their tautomers, 30 before addition. 0,9 ml of the blood sample in the cu- 

salts and complexes of the present invention have an vette was then mixed with 0.1 ml of a 0.05M adenosine 

excellent inhibitory activity against blood platelet ag- diphosphate (ADP) solution or with 0.1 ml of a collagen 

gregation, and are therefore very useful for prevention suspension (0,06 mg/ml), to induce blood platelet ag- 

and therapy of thrombosis and embolism. These activi- gregation, Two minutes after addition of the ADP, or 4 

ties are demonstrated by the following Test Examples, 35 minutes after addition of the collagen, 03 ml of the 

which employ techniques well recognized in the art to blood sample was taken and the blood platelet count 

provide a model of such activity in humans and other was measured; this was regarded as the blood platelet 

mammals, count after addition. The blood platelet aggregation 

____ cv ... m rate was calculated from the following equation. 

1 EXAMPLE 1 ^ 100x ^ lQQd platelet count before addition-blood 

Prolongation of Bleeding Time in mice platelet count after addition)/blood platelet count be- 

Male mice of the ICR strain (supplied by Japan ^ll^f*? 1 ! # . . , 4 , 

Charles River Inc.) were divided into groups of 10 each . ^ m ^V * **** ****** * 

for the test. A sample of the drug to be tested was sus^ M mhl ^ n of the J™ ed * r0U P s * c ° m P* re * ™* the 

pended in a 5% w/v aqueous solution of gum arabic, 45 contro1 ^ results " ***** m Tab!e 2 < 

and administered orally to the mice at a dose of 3 mg/kg TABLE 2 

for 3 successive days, namely 48 hours, 24 hours and 4 
hours before the bleeding test. For the test, each of the 
mice was fixed by use of conventional apparatus, and 50 
the tail was cut 5 mm from the end. The last 2 cm of the 
tail was soaked in physiological saline kept warm at 37* 
C. The time at which bleeding was observed to cease 
for a successive 15 seconds was regarded as the point at 
which bleeding stopped, and the time between cutting 55 
the tail until the point when bleeding stopped was re- 
corded as the bleeding time. The bleeding time was 
observed for a maximum of 5 minutes, and, even if 
bleeding continued for longer than 5 minutes, the bleed- 
ing time was reported as 5 minutes (300 seconds). The $q •■t»dt*cor3Dmg/k B . 
results are shown in Table 2. The test was carried out 

using certain of the compounds of the present invention, For therapeutic or prophylactic use, the compounds 

as well as with two prior art compounds. of the present invention may be administered by them- 

Each of the compounds of the present invention is selves or in admixture with any one or more conven- 

identified in the Table by the number assigned to it in 65 tional carriers, diluents or additives. Administration 

the foregoing Table 1 and by the number of the Exam- may be by any convenient route, for example orally or 

pie hereafter which illustrates its preparation. The prior parenterally, and the formulation will be chosen having 

art compounds are identified as follows: regard to the intended route of administration. The 
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compounds may, for example, be administered in the singlet); 6.70 (1H, doublet, J=5.4 Hz); 7.07 <1H, dou- 

form of powders, granules, tablets, capsules and injec- yet, J-5.4 Hz); 7.20-7.90 (4H, multiplet). 

tions. The dosage may vary depending upon the sever- Mass spectrum (CI, m/z): 349 (M+ + 1). 

ity and nature of the dkorder, as well as the symptoms, 2(b) 2 J Qf the dUe compound obtoined ^ desodh< .d 

age and body weight of the pat.ent and the chosen route 5 - n (a) above were djsso|ved jn 100 ml of dieth y 

of administration; however, id the case of oral ad minis- . . F v : , , , _ _ _ ' 

tration, we would normally suggest a dose of from 1 to ether > and hydrogen chlonde gas was blown into the 

1000 mg, more preferably from 10 to 500 mg, if adminis- resulting solution at room temperature. The crystals 

tered orally, or a dose of from 0.5 to 500 mg, more which precipitated were collected to obtain 2.3 g of the 

preferably from 5 to 250 mg, if administered intrave- jq hydrochloride of the title compound as a colorless pow- 

nously. The compound may be administered in single or der, melting at 1Q4M07" C. 

divided doses, e.g. from 1 to 3 times a day depending on Elemental . analysis: Calculated for 

the symptoms, CnHnClN 2 0 2 S.HC1.3/2H20: C, 4952%; H, 5,13%; 

The preparation of the compounds of the present N 6 g0% Fouj]d; c 49 . 81% H 4.73^ N 6 . 56% . 
invention is further illustrated by the following non- 15 

limiting Examples, whilst the preparation of certain of EXAMPLE 3 

the starting materials used in these Examples is illus- , r „ _ . J « . _ « , «. « 

trated by the subsequent Preparations. 5-[2-Fluoro-a-(5,6^ihydro-l 4 r 2Kh OX azin-3-yl)benzyl> 

4 t 5,6,7-tetrahydrothieno]3,2K:]pyridme and its 

EXAMPLE 1 . ^ Jiydrochloride (Compound No. 2) 

5<2-Chloro-a-trifluoroacetylbenzyl)-4 5,6 ; 7-tetrahy- 3{a) Following a proC edure similar to that described 

drothieno[3,2-c]pyndme {Compound No. 113) fa Bxamplc {§ cjccept ^ m equiva i ent momt of 2- 

10 ml of methylene chloride were added to 0.39 g (2.6 fluoro-(5,6-dihydro-l,4 r 2-dioxazin-3-yl)benzyl bromide 

mmole) of 4,5,6,7-tetrahydrothieno[3,2-c]pyridine hy- (prepared as described in Preparation 19) was used in 

drochloride and 0,28 g (2.6 mmole) of sodium carbon- 25 Iace of the 2^hloro-a-trifluoroacetylbenzyl bromide, 

ate, and then a solution of 0.67 g (2 2 mmole) of 2- ^ ^ com ound was obtained as a coiorless oil in a 

chloro-a-tnfluoroacetylbenzyl bromide m 10 ml of . . . f „ ' 

methylene chloride was slowly added to the resulting yic ™ °* . _ _ , . — 
mixture, whilst stirring at room temperature. The mix. Nuclear Magnetic Resonance Spectrum (CDQa) 6 
ture was then stirred at room temperature for 3 hours. 30 PP m: 2.73-2,98 (4H, multiplet); 3.63 (IH, doublet, 
At the end of this time, 200 ml of ethyl acetate were J=13.8 Hz); 3.79 (IH, doublet, J= 13.8 Hz); 3.95-4.18 
added to the reaction mixture, and the organic layer (2H, multiplet); 4.23-4.45 (H, multiplet); 4.61 (IH, sin- 
was separated, washed with a saturated aqueous solu- glet); 6.70 (lH t doublet, J TM5.4 Hz); 7.09 (IH, dou- 
tion of sodium chloride and dried over anhydrous mag- blet, J =5.4 Hz); 7.20-7.80 (4H, multiplet). 
nesium sulfate. The solvent was removed by distillation 35 Mass spectrum (CI, m/z) ; 333 (M+ + 1). 
under reduced pressure, and the resulting residue was 3(b) ^ procedure d esc ribed in Example 2{b) was 
subjected to silica gel column chromatography, using a ted mir1 the titIe C0mp0lind as prepare d in step 
100:4 by voume mixture of toluene and ethyl acetate as , f . ' * . - , , r . . ^j^rA^ ™. 
the eluent, to give 0,31 g of the title compound as a « ab ° ve * to ° b f n the ^"^^^/S 
colorless oil. 40 po^d as a colorless powder, melting at 108 B -H2* C, m 

Infrared Absorption Spectrum (thin film) v mffX cm- h a y* eld of 8 1 

1685, 1705. Elemental analysis: Calculated for C17H17FN2O2S 

Nuclear Magnetic Resonance Spectrum (CDClj) 6 HG.H2O: Q 52 78%; H, 5.21 %; N, 7.24%, Found; C, 

ppm: 2.90-3.04 (2H, multiplet); 3.90 (IH, triplet, J=6.0 53.19%; H, 4.99%; N, 7,16%. 
Hz); 4.01 (IH, triplet, J = 6,0 Hz); 5.51 (IH, doublet, 45 

J=7.3 Hz); 5.58 (IH, doublet, J=7.3 Hz); 6.82 (IH, EXAMPLE 4 

doublet, J=5.4 Hz); 7.19 (2H, doublet, J-5,4 Hz); 5"[2,6-Difluoro-a-(5,6-dihydro-l 1 4 J 2-dioxazin-3-yl)ben- 

7.36-7.58 (4H, multiplet). zyl]^4,5,6,7-tetrahydrothieno[3,2^]pyridine 

Mass spectrum (CI, m/z): 360 (M++1). Here and (Compound No. 7) 
hereafter in the mass spectra, "CP* means "chemical 50 

ionization". Following a procedure similar to that described in 

Example 1, except that an equivalent amount of 2,6- 

EXAMPLE 2 difluoro-a- 5,6-dihydro l,4,2-dioxazin-3-yl)benzyl bro- 

S^p-Chloro-a^S^-dihydro-l^^-dioxazin^-yl) m ;d e (prepared as described in Preparation 20) was used 
benzyl]^,5,6,7-tetrahydrothieno[3,2-c]pyridine and its 55 in p i ace of t h e 2-chloro-a-trifluoroacetylbenzyl bro- 

hydrochloride (Compound No, 3) mid ^ the tkle compound was obtained as a colorless 

2(a) Following a procedure similar to that described powder, melting at ISr-153' C, in a yield of 8%. 

in Example 1, except that an equivalent amount of 2- Nuclear Magnetic Resonance Spectrum (CDCb) 6 

chloro-a-(5,6-dihydro-l,4,2'dioxazin-3-yl)benzyl bro- ppm . 2.81-2.93 (4H, multiplet); 3.62 (IH, doublet, 
mide (prepared as described in Preparation 18) was used 60 J==R0 Hz ). 3i79 ( 1Hj doublet, 14.0 Hz); 4.0CM.10 

in place of the 2-chloro-a-trifluoroacetylbenzyI bro ; (2H> multi let) 4t2 6-4.36 (2H, multiplet); 4.59 (IH, 

mide, the title compound was obtained as a colorless oil ^ ^ J=5>4 Hz); ?>og m ^ 

ffl NSi°M.^io Resonance Spectrum (CDCI3) 6 ««- J = 5 4 Hz* 7 .20-7.80 (4ft »^iple0 ; 
ppm ; 2.77-2.94 (4H, multiplet); 3.63 (IH, doublet, 65 Mass spectrum (CI, m/z) : 351 (M + + 1). 

J=I4.4 Hz); 3.79 (1H P doublet, J=14.4 Hz); 3.96^4.02 Elemental analysis: Calculated for C17H16F2N2O2S: 

(IH, multiplet); 4,08^4.14 (IH, multiplet); 4.27^.32 C, 58.27%; H, 4.60%; N, 8.00%; Found: C, 58,22%; H, 

(IH, multiplet); 4.36-4.42 (IH, multiplet); 4.75 (IH, 4.61%; N, 7.79%. . 
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r singlet); 6.67 (IH, doublet, J=5J Hz); 7.05 (IH, dou- 

EXAMPLE 5 bletj J=5 ? Hz j, 7 j 0 -7.55 (4H, multiplet). 

5-(2-Chloro-a-cyclopropy]catrbony]benzyl)-4,5,6,7-tet- Mass spectrum (CI, m/z) : 304 (M+ + I), 246. 

rahydrothieno[3,2-c]pyridine and its sulfate (Compound 6(b) A procedure similar to that described in Example 

No. 60) 5 2(b) was repeated, using the title compound prepared as 

mr s c ii * . j , « . j *. j described in step (a) above, except that maleic acid was 

5(a) Following a procedure Similar to that described P ^ J ch , oride 

in Example 1 e*cep th* an equivalent amount of 2- P * ^ malMt * of 

chloro-a-cyclopropylcarbonylbenzyl bronze was used f compound as a colorless powder, melting at 

» place of the 2-chloro-a-tnfluoroacetylbenzyl bro- 10 \ * ^ 

mide, the fctfe compound was obtamed as a yellow oil in ElementaI Calculated for C,7H I8 FNOS.C^ 

v, , w • u c ♦ /m^it* H4O4.IH2O: C, 58.86%; H, 5.41%; N, 3.27%; Found: C, 

Nuclear Magnetic Resonance Spectrum (CDCI3) 6 r 1 „ , ,,~ N 1 , 0 ~ 

ppm: 0.78-0.90 (2H, multiplet); 0.96-1.06 (2H, multi- 5iUy /o ' H> 5 - iJ% ' SA * /o - 

plet); 2.15-2.29 (1H, multiplet); 2.83-2.94 (4H, multi- 15 EXAMPLE 7 

P let); 3^6 (1H, doublet, J=4.3 Hz); 3^72 (1H, doublet s^Aoetyt^W^benzylH. W-tetnhyd»- 

plet). 

Mass spectrum (CI, m/z) : 332 (M+ + 1), 262, 20 7(a) Following a procedure similar to that described 

5(b) A procedure similar to that described in Example ^ Example 6, except that an equivalent amount of l-(2- 
2(b) was repeated, using the title compound as prepared chlorophenyl)-2-propanone (prepared as described in 
in step (a) above, except that concentrated sulfuric acid Preparation 10) was used in place of the l-(2-fiuoro- 
was added in place of blowing hydrogen chloride gas phenylbutazone, the title compound was obtained as 
through the mixture, to obtain the sulfate of the title 25 a pale yellow oil in a yield of 44*. 
compound as white crystals, melting at I84M86* C, in Infrared Absorption Spectrum (thin film) v m „cm-i: 
a yield of 70%, l715 ' 

Elemental analysis: Calculated for QsHujClNOS.H- Nuclear Magnetic Resonance Spectrum (CDCI3) d 
2 SO* C, 50.28%; H, 4.69%; N, 3.26%.; Found: C, PP™ 2,13 (3H singlet); 2 7<«95^ 
50.43%; H, 4.53%; N, 2.87%. 30 (\U douU* J-10.0 Hz); 3 .70 (IH, doublet J= 10 0 

Hz); 4.93 (IH, singlet); 6.65 (IH, doublet, J=5.7 Hz); 
EXAMPLE 6 7.05 (IH, doublet, J = 5.7 Hz); 7.10-7.75 (4H, multiplet). 

5-(2-Fluoro.a-propionylbenzyl)-4 1 5,6,7-tetrahydro- Mass spectrum (CI, m/z) : 306 (M+ + 1), 262. 

thieno[3,2-c]pyridine and its maleate (Compound No. 7 <M A Procedure similar to that described in Example 
19) 35 (b) repeated, using the title compound prepared as 

6(a) 1.85 g 1 1.13 mmole) of l-(2-fluorophenyl)-2-buta- described in step (a) above, to obtain the hydrochloride 
none (prepared as described in Preparation 9) were of the title compound as a pale yellow powder, melting 
dissolved in 30 ml of carbon tetrachloride, and then a at 9 f ~ 101 ? > in a y™ d of 70% - ^ , , J 
solutionofl.78gofbromineinl5m!ofcarbontetra- *}^£Sl Bm ^ y ™ ,™ £ <^ « 
chloridewasaddeddropwisetotheresultingsolutionat 40 C ^ C } N °^\^ £ ^V^ni** 5 Nb 
room temperature over a period of 30 minutes. The 3 -98%; Found: c - 55m ^ H » 4 < 97% ; N > 3 ' 80% ' 
resulting mixture was then stirred at room temperature EXAMPLE 8 

for 5 hours, after which water was added to the reaction , „ 

mixture. The reaction mixture was then extracted with 45 5-<2-Chloro-a^ 

chloroform, and the extract was dried over anhydrous 45 thieno[3,2^]pyndine ancT its hydrochloride (Compound 
magnesium sulfate. A crude 2-fluoro-a-propionylbenzyl Na 2y ^ 

bromide was obtained from this extract by removal of 8(a) Following a procedure similar to that described 
the solvent by evaporation under reduced pressure 1.95 in Example 6, except that an equivalent amount of (2- 
g (11.13 mmole) of 4,5>6,7-tetrahydrothieno[3,2-c]pyri- 50 chlorophenyl)-2-butanone (prepared as described in 
dine hydrochloride, 3,38 g (24.45 mmole) of anhydrous Preparation 11) was used in place of the l-(2-fluoro- 
potassium carbonate and 30 ml of dimethylformamide phenyl)-2-butanone, the title compound was obtained as 
were added to the crude product thus obtained, and the a pale yellow oil in a yield of 32%. 
resulting mixture was stirred at room temperature for 5 Nuclear Magnetic Resonance Spectrum (CDCI3) fi 
hours. At the end of this time, toluene was added to the 55 ppm: 1.05 (3H, triplet, J=6.5 Hz); 2.31-2.58 (2H, multi- 
reaction mixture, and after the insolubles had been re- plet); 2,75-3.00 (4H, multiplet); 3.48 (IH, doublet, 
moved by filtration, the filtrate was concentrated by J=14.5 Hz); 3.68 (IH, doublet, J=14.5 Hz); 4.97 (IH, 
evaporation under reduced pressure. The resulting resi* singlet); 6.65 (IH* doublet, J=6.0 Hz); 7.05 (IH, dou- 
due was subjected to silica gel column chromatogra- blet, J=6.0 Hz); 7.10-7.65 (4H, multiplet). 
phy, using a 19:1 by volume mixture of toluene and $0 Mass spectrum (CI, m/z) : 320 (M+ + 1). 
ethyl acetate as the eluent, to give 1.17 g of the title 8(b) A procedure similar to that described in Example 
compound as a pale yellow oil. 2(b) was repeated, using the title compound prepared as 

Infrared Absorption Spectrum (thin film) v max cm - 1 : described in step (a) above, to obtain the hydrochloride 
1715. of the title compound as a pale yellow powder, melting 

Nuclear Magnetic Resonance Spectrum (CDCh) 8 65 at 110M15 0 C, in a yield of 25%. 
ppm: 1.03 (3H, triplet, J=7.0 Hz); 2.50 (2H, quartet, Elemental analysis: Calculated for 
J=7,0 Hz); 2,80-2.95 (4H, multiplet); 3.53 (IH, doublet, Ci 7 H]8ClNOS.HCLH 2 0: C, 54.55%; H, 5.92%; N, 
J= 1 1,0 Hz); 3.63 (IH, doublet, J= 11.0 Hz); 4.75 (IH, 3.74%; Found: C, 54.39%; H, 5.59%; N, 3.73%. 
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EXAMPLE 9 



gas through the mixture, to obtain the maleate of the 
title compound as a colorless powder, melting at 



5-(2-ChIoro-a-hexanoylbenzylM,5,6,7,-tetrahydro- 99M04 0 C, in a yield of 57% 

thieno[3,2-c]pyridine (Compound No. 125) Elemental analysis: Calculated for C16H16FNOS.C4- 

Following a procedure similar to that described in 5 H4O4.IH2O: C, 60.78%; H t 5,54%; N, 3.08%; Found: 
Example 6, except that an equivalent amount of l-(2- C, 60.97%; H, 5.48%; N, 2.94%. 
chlorophenyl>2-heptanone (prepared as described in Nuclear Magnetic Resonance Spectrum (CDCI3) S 
Preparation 12) was used in place of the l-(2-fluoro- ppm: 1.70-2.30 (6H, multiplet); 3.10-3.30 (4H, multi- 
phenyl)-2-butanone f the title compound was obtained as plet); 3.68-3.82 (1H, multiplet); 4.30 (2H, broad singlet); 
a yellow oil in a yield of 10%. 10 5.55 (1H, singlet); 6.30 (2H, singlet); 6.72 (1H, doublet, 

Nuclear Magnetic Resonance Spectrum (CDCI3) 5 J=6.5 Hz); 7.20 (1H, doublet, J=6.5 Hz); 7.25-7-60 
ppm: 0.90 (3H, triplet, J=7.6 Hz); I.IO-L60 (6H, multi- (4H, multiplet). 
plct); 2.40 (2H, triplet, J =8.0 Hz); 2,75-3,00 (4H, multi- 

plet); 3.50 (1H, doublet, J= 14.5 Hz); 3.70 (1H, doublet, EXAMPLE 12 

J=14,5 Hz); 5.00(1H, singlet); 6.65 (1H, doublet, J=6.0 15 5.(a^Cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7-tet^ 
Hz); 7,05 (1H, doublet, J =6.0 Hz); 7. 10-7.60 (4H, multi- rahydrothieno[3,2-c]pyridine and its hydrochloride 
P Iet )- (Compound No. 59V 

Mass spectrum (CI, m/z) : 362 (M+ + 1), 262, v w / 

12(a) Following a procedure similar to that described 
EXAMPLE 10 20 in Example 6, except that an equivalent amount of cy- 

5-(a-AcetyI-2-fIuorobenzyl)-4,5,6 t 7-tetrahydro- clopropyl 2-fluorobenzyi ketone (prepared as described 

thieno[3,2-c]pyridine and itsmaleate (Compound No. 9) in Preparation 8) was used in place of the l-(2-fluoro- 

10(a) Following a procedure similar to that described phenyl)-2-butanone, the title compound was obtained as 
in Example 6, except that an equivalent amount of K2- 25 * c * Io ' less "\ a ^ of ® % > c „. . R 

fluoro P henyl)-2- P ropanone was used in place of the 25 . Nuclear Magnetic Resonance Spec^um (CDCI3 5 
l^Mic^^enyQ^butanone, the title compound was PP™ 0^8-0.90 (2H, multip et); 0-98-1.11 2H, mu ti- 
obtained as a pale yellow oil in a yield of 55%. ptefe 2.22-2.34 (1H, multiplet); 2.72-2 98 (4H multi- 

Infrared Absorption Spectrum (thin film) v mM cm"J : plet); 3,58 (1H, doublet, J=4.2 Hz); 3,68 (1H, doublet, 
1715 , J=4.2 Hz); 4,85 (1H, singlet); 6,68 (1H, doublet, J^4.9 

Nuclear Magnetic Resonance Spectrum (CDCI3) 8 Hz); 7.06 (1H, doublet, J=4.9 Hz); 7.20-7.60 (4H, multi- 
ppm: 2.18 (3H, singlet); 2 80-2.95 (4H, multiplet); 3.55 plet). 

(1H, doublet, J=12.0 Hz); 3.65 (1H, doublet, J=12,0 Mass spectrum (CI, m/z) : 316 (M+ + 1), 246. 
Hz); 4.72 (1H, singlet); 6.65 (1H, doublet, J=5.5 Hz); 12(b) A procedure similar to that described in Exam- 
7.05 (1H, doublet, J=5.5 Hz); 7. 10-7.55 (4H, multiplet). 35 pie 2(b) was repeated, using the title compound pre- 
Mass spectrum (CI, m/z) : 290 (M+ + 1), 246. pared as described in step (a) above, to obtain the hy- 

10(b) A procedure similar to that described in Exam- drochloride of the title compound as white crystals, 
pie 2(b) was repeated, using the title compound pre- melting at 171M73 0 C.„ in a yield of 75%. 
pared as described in step (a) above, except that maleic Elemental analysis: Calculated for 
acid was added in place of blowing hydrogen chloride ^ CisHisFNOS.HCl: C, 61.44%; H, 5.44%; N f 3.98%, 
gas through the mixture, to obtain the maleate of the Found: C, 61,37%; H, 5.74%; N, 3.85%. 
title compound as a pale yellow powder, melting at 

104*-106* C, in a yield of 61%. EXAMPLE 13 

Elemental analysis: Calculated for C16H16FNOS.C4- s^a-Butyryl^-fluorobenzylH^^J-tetrahydro- 
H4O 4 .iH 2 0: C, 57.96%; H, 5.10%; N, 3.38%; Found: 45 t hieno[3,2-c]pyridine and its maleate (Compound No. 
C, 58.36%; H, 4.94%; N, 3.39%. H6) 

EXAMPLE 1 1 13(a) Following a procedure similar to that described 

5-(a-Cyclobutylcarbonyl-2-fluorobenzyl)-4,5,6 P 7-tet^ in Example 6, except that an equivalent amount of l-(2- 

rahydrothieno[3,2-c]pyridirte and its maleate 50 fluorophenyl)-2-pentanone (prepared as described in 

(Compound No. 106) Preparation 5) was used in place of the l-(2-fluoro- 

„ , % _ . a . Al _ . J i. * phenyl>2-butanone, the title compound was obtained as 

11(a) Followmg a procedure similar to that described J * ^ qU |n a idd of 4}% 

m Example 6, except that an equivalent amount , of cy- » Magnetic Resonance Spectrum (CDCI3) 6 

clobutyl.2-nuorobenzyl ketone prepared as described (3H , triplet, J=9.5 Hz); 1.45-1.70 (2H, multi- 

in Preparation 13 was used in place of the H2-fluoro- 55 ™\ ) * T fi n M £ 0 „ , Q , r AU mnU - 

phenyl>2-butanone, the title compound was obtained as P et i "J ®% tnple , J= 8.0 Hz^2 75-1^ 
a pale yellow oil in a yield of 24%. f*% 3 ' 5 * ^ J 7 "* <"J ? ° ubl * 

Nuclear Magnetic Resonance Spectrum (CDCI3) 6 J = ^J^, 4 '? ( * H ' f $ ? < « ^ t 
ppm: 1,70-2.35 (6H, multiplet); 2.8(M.OO (4H, multi- Hz); 7.05 (1H, doublet, J=6,0 Hz): 7,10-7.55 (4H, multi- 
plet); 3.50(1H. doublet, J= 11.0 Hz); 3.62 (1H, doublet, 60 P^O- ■ 
J=11.0 Hz); 3.70-3.90 (1H, multiplet); 4.73 (1H, sin^ Mass spectrum (CI, m/z) : 318 (M++1), 246, 
glet); 6.65 (1H, doublet, J=6.0 Hz): 7,05 (1H, doublet, 13(b) A procedure similar to that described in Exam- 
J«6.0 Hz); 7.10-7.50 (4H, multiplet). 2 (°) ™* repeated, using the title compound pre- 

Mass spectrum (CI, m/z) : 330 (M+ + 1), 246. pared as described in step (a) above, except that maleic 

11(b) A procedure similar to that described in Exam- 65 acid was added in place of blowing hydrogen chlonde 
pie 2(b) was repeated, using the tide compound pre- gas through the mixture, to obtain the maleate of the 
pared as described in step (a) above, except that maleic title compound as a colorless powder, melting at 
acid was added in place of blowing hydrogen chloride 89°-90° C, in a yield of 36%. 
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Elemental analysis: Calculated for C]8H2oFNOS.C4- fluorophenyl>2-butanone, the title compound was ob- 
H4O4: C, 6036%; H, 5.58%; N, 3.23%; Found: C. tained as a pale yellow oil in a yield of 58%, 
60.69%; H, 5.43%; N, 3.01%. Nuclear Magnetic Resonance Spectrum (CDCI3) 6 

■pYAX/PT c ia PP m: 2 80-3.00 (4H, multiplet); 3.63 (1H, doublet, 

fcAAMafc 14 5 J=16.0 Hz); 3.80 (1H, doublet, J=16.0 Hz); 5.80 (1H, 

singlet); 6.63 (1H, doublet, J =6,0 Hz); 7.00-7.60 (6H, 
5-(2-Fluoro-a-vaIeryIbenzyl)-4,5,6,7^tetrahydro- multiplet); 7.95-8.15 (2H, multiplet). 

thieno[3,2-c]pyridine and its maleate (Compound No. Mass spectrum (CI, m/z) : 386 (M+ + I), 262, 

120) 16(b) A procedure similar to that described in Exam- 

. , .« . m j 10 pie 2(b) was repeated, using the title compound pre- 

14(a) Following a procedure sum ar to that described * < ' d^^K^in sten M above, to obtain the hv< 



in Example 6, except that an equivalent amount of M2- 
fluorophenyl)-2-hexanone (prepared as described in 



pared as described in step (a) above, to obtain the hy- 
drochloride of the title compound as a yellowish brown 
powder, melting at 121M30* C, in a yield of 40%. 



Preparation 6) was used in place of the l-(2-fluoro- ™S dl **\ ^ " " '™ ™ r 

phenyl)-2-butanone, the title compound was obtainedas 15 Elemen^ * na £ s J* ^ „^* C * w 

a pale yellow oil in a yield of 46%. " ^S 1 ^™^^}^^^ ^ ^ftf % 

Nuclear Magnetic Resonance Spectrum (CDCI3) S 3 - 25 ^ Fo ™* C ' 5825 ^ H ' N ' 3 < 48 ^ 

ppm: 0.83 (3H, triplet, J=8.0 Hz); 1.12-1.35 (2H, multi- EXAMPLE 17 

plet); 1.40-1,70 (2H f multiplet); 2.45 {2H, triplet, J=8.2 m M „ h ^ ^ , , 

Hz); 2.60-2.90 (4H, multiplet); 3.52 (1H, doublet, 2n S^Fluoro-a-isobutyrylbenzy 0-4,5,6 ^7-tetrahydro- 

14.0 Hz); 3.65 (1H, doublet, J=14.0 Hz); 4.75 (1H, tluenolM-clpyndine and its maleate (Compound No, 

singlet); 6.65 (1H, doublet, J=6.0 Hz); 7.05 (lH r dou- "*) 

blet, J=6.0 Hz); 7,10-7.50 (4H, multiplet). 17(a) Following aprocedure similar to that described 

Mass Spectrum (CI, m/z) : 332 (M+ + 1), 246. fa Example 6, except that an equivalent amount of 2- 

14(b) A procedure similar to that described in Exam- 25 fluorobenzyl isopropyl ketone (prepared as described in 

pie (b) was repeated, using the title compound prepared Preparation 23) was used in place of the l-(2-fluoro- 

as described in step (a) above, except that maleic acid p henyl)-2-butanone, the title compound was obtained as 

was added in place of blowing hydrogen chloride gas a ye n ow 0 \\ { n * yield of 44%. 

through the mixture, to obtain the maleate of the title Nuclear Magnetic Resonance Spectrum (CDCI3) 5 

compound as a colorless powder, melting at 92'-93 D C„ 3Q ppni; a95 (3H doub ] e t f J=7.0 Hz); 1,10 (3H, doublet, 

in a yield of 26%, J=7 0 m y. 2i 60-2.80 (1H, multiplet); 2,80-2.95 (4H, 

Elemental a^lysisr Calculated for Ci^zFNOS.Cj. mu iti p let); 3.50 (1H, doublet, J=11.0 Hz); 3.65 (1H, 

H4O4: C, 61.73%; H, 5.86%; N, 3.13%; Found: C, doublet, J =11.0 Hz); 4.90 (1H, singlet); 6.65 (1H, dou- 

61.38%; H, 5.88%; N, 2.59%, Wet# J=357 Hz); 705 (1H> doub i eti j =5 j H z) ; 

EXAMPLE 15 35 7.10-7.50 (4H, multiplet), 

_ ,„ „ , , ,u i\ ji 1 c f » iwL j Mass spectrum (CI, m/z) : 318 (M+ + 1), 246. 

5-(2-Ruoro-a-mvaloylbenzylH,5 ,6,7-tetrahydro- 1?(b) A dure sjmjlar t0 that dcscri bed in Exam- 

thieno[3,M P yndme and its hydrochloride (Compound pJc m ^ mmg (he title compound prc . 

wa pared as described in step (a) above, except that maleic 

15(a) Following a procedure similar to that described 40 acid was added in place of blowing hydrogen chloride 
in Example 6, except that an equivalent amount of M2- gas through the mixture, to obtain the maleate of the 
fluorophenyl)-3,3-dimethyl-2-butanone (prepared as title compound as a colorless powder, melting at 
described in Preparation 7) was used in place of the 96°-98* G, in a yield of 42%. 
l-(2-fluorophenyl)-2-butanone, the title compound was _ 
obtained as a pale yellow oil in a yield of 87%. 45 Elemental analysis Calculated for 

Nuclear Magnetic Resonance Spectrum (CDC13) 8 C18H20FNOS.C4H4O4: C, 61.02%; H, 5.59%; N, 
ppm: 1.10 (9H, singlet); 2.74-3.00 (4H, multiplet); 3.55 3.23%; Found: C, 60.74%; H, 5,52%; N, 3.23%. 

(1H, doublet, J«15.0 Hz); 3.66 (1H, doublet, J=15.0 EXAMPLE 18 

Hz); 5.23 (1H, singlet); 6.63 (1H> doublet, J=6.0 Hz); m . „ , , . _ _ _ ' 

7.03 (1H, doublet, J-6.0 Hz); 7 10-7.55 (4H, multiplet). 50 5(a-CycIopropylcartonyl-^^ 
Mass spectrum (CI, m/z) t 332 (M+ + 1), 246. ^SAJ-tetrahyd^to its 

15(b) A procedure similar to that described in Exam- hydrochloride (Compound No. 175) 

pie 2(b) was repeated, using the title compound pre- 1 8(a) Following a procedure similar to that described 
pared as described in step (a) above, to obtain the hy- i n Example 6, except that an equivalent amount of cy- 
drochloride of the title compound as a pale yellow 55 clopropyl 2-fluorobenzyl ketone (prepared as described 
powder, melting at 85*-90* C, in a yield of 34%. m Preparation 8) was used in place of the l-(2-fluoro- 

Elemental analysis: Calculated for phenyl)-2-butanone and that 2-nitro^ I 5 J 6 1 7-terrahydro- 
C l9 H 2 2FNOS.HCl.H20: C, 59.14%; H, 6.23%; N, thieno[3,2-c]pyridine hydrochloride (prepared as de- 
3,63%; Found: C, 58.99%; H, 6.57%; N, 3.17%. scribed in Preparation 24) was used in place of the 

EXAMPLE 16 60 4,5 1 6,7-tetrahydrothieno[3 J 2-c]pyridine hydrochloride, 

the title compound was obtained as a brown oil in a 
5-[2-Chloro-ct-(4-fluorobenzoyl)benzyl]4,5 1 6,7-tetrahy- yj eld 0 f 72%. 

drothieno[3,2-c]pyridine and its hydrochloride Nuclear Magnetic Resonance Spectrum (CDCI3) 8 

(Compound No. 149) ppm: 0 ,82-0.92 (2H, multiplet); 1.01-1.11 (2H, multi- 

16(a) Following a procedure similar to that described 65 plet); 2.00-2.20 (1H, multiplet); 2.75-3.05 (4H, multi- 
in Example 6, except that an equivalent amount of 2- plet); 3.61 (2H, singlet); 4.91 (1H, singlet); 7.10-7.45 
chlorobenzyl 4-fluorophenyl ketone (prepared as de- (4H, multiplet); 7.55 (1H, singlet), 
scribed in Preparation 22) was used in place of the l-(2- Mass spectrum (CI, m/z) : 361 (M+ -f 1), 291. 
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1 8(b) A procedure similar to that described in Exam- 20 (b) A procedure similar to that described in Exam- 
ple 2(b) was repeated, using the title compound pre- p j e 2(b) was repeated, using the title compound pre- 
pared as described in step (a) above, to obtain the hy- ^ ^ descri bed in step (a) above, to obtain the hy- 
drochloride of the : titte compound as white crystals, drochloridc of the titJe compound ^ whjttf crystills , 
melting at 161M68' C, in a yield of 79%. 5 t1w „ , m , r . Y . f A - AAof ' 

Elemental analysis: Calculated for nicltiiig at 104 -109 C, in a yield of 46%. 

Ci 8 H I7 FN203S,HCI: C, 5447%; H, 4.57%; N, 7.06%. EXAMPLE 21 

Found: C, 54.47%; H, 4.63%; N, 6.89%. s . tK A , mm , 

5*(2-F]uoro*a-propionylbenzyl)-2-oxo-2,4,5 1 6,7,7a-hex- 

EXAMPLE 19 10 ahydrothieno^-cjpyridtoe and its hydrochloride 

S^CyclopropylcarbonyW-fluorobenzylJ^^^J'tet- (Compound No. 234) 
rahydroforo[3 Us hydrochloride . 21(a) Fo j Iowinfi a proce dure similar to that described 

^ P° ' ' in Example 20, except that an equivalent amount of 

19(a) Following a procedure similar to that described J3 ] -(2-fluorophenyl)-2-butanone (prepared as described in 

in Example 12, except tbal an equivalent amount of Preparation 9) was used in place of the cyclopropyl 

fSAT-tetrahydrofurolS^ -c]pyridine ^(prepared as de- 2 -fluorobenzyI ketone, the title compound was obtained 

senbed in Preparation 25) was used m place of the oe n . „,„ . « T j 

^S^J-tctrahydrothienoaiclpyridine hydrochloride, « » »™ ° 1 m of ■ 

the title compound was obtained as a brown oil in a ?n Thc Tcs ^ S^-iluoro-^propionylbenzyD^^xo- 

yield of 21%. 2,4,5,6 J,7a-hexahydrotmeno[3 f 2K:jp5maine (Com- 

Nuclear Magnetic Resonance Spectrum (CDCh) 8 pound No. 234) is believed to contain a small quantity of 

ppm: 0.75-O.95 (2H, muhiplet); 0.98-1.10 (2H, multi- the tautomeric 5-(2-fluorc-a>propionyIbenzyI)-2- 

plet); 2.15-2.31 (1H, multiplet); 2.65-3.05 (4H, multi- hydroxy-4,5 t 6,7-tetrahydrothieno[3 f 2-cipyridine (Com- 

plet); 3.40-3,60 (2H, multiplet); 4.90 (1H, singlet); 6.15 25 pound No. 187). 

(1H, doublet, J=5.0 Hz); 7.05-7.55 (5H, multiplet). Nuclear Magnetic Resonance Spectrum (CDCh) 5 

Mass spectrum (CI, m/z) : 300 (M++1), 230. ppm: lM (3Hf lri let> J=9 l Hz v 1,82-1.98 (1H, multi- 

19© A procedure similar to that desenbed in Exam- ]fit) 2 2$ _ 2 50 muW lct) lg5 & 3 05 (t lher 

n lw ^ tnTEh/hv *H. each doublet, J«14.0 Hz); 3.8«.95 & 4.04-4.17 

pared as described in step (a) above, to obtain thc hy- , n y ' . m I . , . . ^ . . ,__ 

drochloride of the title compound as white crystals, 30 (together 2H, each multiplet); 4.72 & 4.76 (together 1H, 
melting at 154M55* C, in a yield of 39%. each singlet); 6.03 & 6.07 (together 1H, each singlet); 

Elemental analysis: Calculated for 7 J5-7.40 (4H, multiplet). 
C IS Hi8FN0 2 .HCl: C, 64.38%; H, 5.70%; N, 4.17%; Mass spectrum (CI, m/z) : 320 (M+ + 1), 262. 
Found: C, 64.37%; H, 5,80%; N, 4.19%. 35 21{b) A procedure similar to that described in Exam- 

EXAMPLE 20 was rfi P eatet *> using the title compound pre- 

pared as described in step (a) above, to obtain the hy- 
5<a-CycIopropyl^ drochloride of the title compound as white crystals, 

20(a) Following a procedure similar to that described EXAMPLE 22 

in Example 12, except that an equivalent amount of 5^2-Chloro-a-cyclopropylcarbonylbenzyl)-2-oxo- 
2-oxo ; 2,4,5 t 6,7^ 2,4,5,6J,7a-hexahydrothieno[3,2.c]pyridine 
drochloride was used in place of the 4,5,6,7-tetrahydro- /rvwnrwwmH Wn 

thieno[3,2-c]pyridine hydrochloride, the title com- 45 u-ompouna inc. ^ 

pound was obtained as a brown oil in a yield of 32%. Following a procedure simitar to that described in 
Diisopropyl ether was added to this compound to cause Example 5, except that an equivalent amount of 2-oxo- 
crystallization, yielding white crystals, melting at ^.S^JJa-hexahydrothienotS^-cJpyridine hydrochlo- 
123M25* G ride was used in place of the 4,5,6,7-tetrahydro- 

The resulting 5 ; (a-cyclopropy^ 50 th ieno[3,2^c]pyridine hydrochloride, a yellow oil was 

zy^^^xo^^^JJa-hexahydrothieno^^^lpyndme obtam ed Th- oi i was nrvstallized from diisooroDvl 
(Compound No, 235) is believed to contain a small Obtamed^ Ihe ou was crystallized rrom oiisopropyl 
quantity of the tautomeric 5<a-cycIopropylcarbonyl-2- ether t0 ^ ve the utle *>*V™** f brown crystals, 
fluorobenzyO^-hydroxy^S.ej-tetrahydrothienotS^-c melting at 119 -123 C in a yield of 8%. 
Jpyridine (Compound No, 188), from which it was not 55 The resulting 5-(2^chloro-a-cycIopropylcarbonyl- 
separated. benzyl)-2-oxo-2,4 I 5,6,7,7a-hexahydrothieno[3,2-c]pyri- 

Nuclear Magnetic Resonance Spectrum (CDCb) 6 dine (Compound No. 233) is believed to contain a small 
ppm: 0.75-0.96 (2H> multiplet); 0.99-1,14 (2H, multi- quantity of the tautomeric 5-(2-chloro-o>cyclopropyI- 
plet); 1,83-2.01 (1H, multiplet); 2,02-2.17 (1H, multi- carbonylbenzyl^-hydroxy^S^J-tetrahydro- 
plet); 2.25-2.45 & 2.47-2.62 (together 2H, each multi- 60 t hieno[3,2-c pyridine (Compound No. 186). 
P J e . l); ?; 8 o 5 ^P! h fl ? H ' C f h ^ uble Nuclear Magnetic Resonance Spectrum (CDCb) 6 

H & i^l^V^^iT? 08 ^^ ^/fm^n 1 ; PP^= 0.75-1.10 (4H, multiplet); 175-2.10 (2H, multi- 

plet); 4,85 & 4.89 (together 1H, each singlet); 6.03 & 6,06 ™\. _ . > ' . '* _ nA , _ . 

(together 1H, each singlet); 7.10-7.45 (4H multiplet). ^ "5-2 70 2H, mu tipta ); 2 9O-3.30 (2H, multi^ 
Mass spectrum (CI, m/z) : 332 (M+ + I), 262. 65 P^); 3.75-4.20 (2H, multiplet); 5.09 & 5.10 (together 

Elemental analysis: Calculated for C] 8 Hi8FN0 2 S: C, 1H, each singlet); 5.98 & 6.07 (together 1H ( each sm- 

65.23%; H, 5.48%; N, 4.23%; Found: C, 65.09%; H, glet); 7.10-7.50 (4H, multiplet). 

5.55%; N, 4.20%. Mass spectrum (CI, m/z) : 348 (M++1), 278. 
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EXAMPLE 23 EXAMPLE 25 

2-Acetoxy-5.(a-cyc]opropyIcarbonyl-2-fluoroben- 2-ButyryIoxy-5-(a-cycJopropylcartonyl-2-fluoroben- 
zyl)4,5 ) 6 > 7-tetrahydrothieno[3,2-c]pyridine (Compound zylH5.6J-tetrahydrothic n o[3,2-c]pyridine (Compound 

No. 190) 5 Na 194 > 

,,„_ixri/- i , t ii Following a procedure similar to that described in 
2.6 g (7. mmole) of 5 ; (a-cyclopropy ^ 2 f J ^ ^ ^ Qf ^ 

c]pyndme pyridine (prepared as described in Example drid ^ the ^ g^po^ was obtained as white crys- 

20) were dissolved in a mixture of 10 ml of dimethyl- JU ^ OTe itj n g at 84'_85 e C, in a yield of 39%. 

formamidc and 5 ml of acetic anhydride, and then 0.35 • Infrared Absorption Spectrum (KBr) v mox cm -1 : 

g (8.6 mmole) or a 60% w/w dispersion of sodium hy- ' 1756, 1706, 

dride in mineral oil was added to the resulting solution, Nuclear Magnetic Resonance Spectrum (CDCb) 8 
whilst ice-cooling; the mixture was then stirred for 20 15 ppm: 0.75-1.10 (7H, multiplet); 165-1.85 (2H, multi- 
minutes at the same temperature, after which it was plet); 2.21-134 (1H, multiplet); 2.49 (2H, triplet, J=7.0 
stirred for a further 3 hours at room temperature. At the Hz); 2.70-3.00 (4H, multiplet); 3.52 (2H, broad triplet, 
end of this time, 300 ml of ethyl acetate were added to *J* 4 *\ SingIet); 625 ° Ht Smglet): 
the mixture which was ; then washed four times, each Mass srwtrom^cl m/z) ; 402 (M+-H), 332. 
time with 50 ml of a saturated aqueous solution of so- » Bkm ^ ^ ^ Calculated for C^H^OjS: C, 
dium chloride The organic layer was separated and 65 U% . R( m% , N( 3 49%> Found . ^ 6192% . H , 
dried over anhydrous sodium sulfate, and the solvent 5,91 % ; N, 3.41%, 
was removed by evaporation under, reduced pressure. 

The resulting residue was subjected, to silica gel column 2 5 EXAMPLE 26 

chromatography, using a 100:3 by volume mixture of 5-(a-Cyclopropylcarbonyl-2-fluorobenzyl)-2- 

toluene and ethyl acetate as the eluent, to give a yellow ptvaloyloxy^^^^-tetrahydrothienofS^^pyridine 

oil. This oil was crystallized from diisopropyl ether, to (Compound No. 196) 

obtain the title compound as white crystals, melting at Following a procedure similar to that described in 

120M21.5' G, in a yield of 6596. 30 Example 23, except that an equivalent amount of pivalic 

Infrared Absorption Spectrum (KBr) v mflJC cm- 1 : anhydride was used in place of the acetic anhydride, the 

1758 1704. title compound was obtained as white crystals, melting 

Nuclear Magnetic Resonance Spectrum (CDCb) 5 at T 91 *" 94 * c ;> in a y. ield ° f ^ ^ , . 

ppm: 0.80-0.95 (2H, multiplet); 0.99-L16 (2H, multi- 35 Absorption Spectrum (KBr) v max cm-h 

JSf^if ^S 8, W? I'llV* { }\ mu ! dp !Vi; N^ar M agnetic r^.* sp™ * 

2.70-2.95 (4H, multiplet); 3.47 (1H, doublet, J=15.0 QM92 ^ multiplet); 0 .98-l.O9 (2H, multi- 

Hz); 3.57 (1H, doublet, J— 15.0 Hz); 4.83 (1H, singlet); plet); L3 , (9Hf singlet); 2 ,23-2,36 (1H, multiplet); 
6.27 (1H, singlet); 7.10-7,55 (4H, multiplet). 2.70-2.95 (4H, multiplet); 3.47 (1H, doublet, J=14.5 

Mass spectrum (CI, m/z) : 374 (M++1), 304. « Hz); 3.58 (1H, doublet, J= 14.5 Hz); 4.83 (1H, singlet); 

Elemental analysis: Calculated for C20H20FNO3S: C, 6.26 (1H, singlet); 7.05-7.55 (4H, multiplet). 
64.32%; H, 5.40%; N, 3.75%; Found: C, 64.46%; H, Mass spectrum (CI, m/z) : 416 (M+ + 1), 346. 
5 39%- N, 3 73%. Elemental analysis: Calculated for CzsHmFNC^S: C, 

66.48%; H, 6.31%; N, 3.37%; Found: C, 66.21%; H, 
EXAMPLE 24 45 6M% . N> 138%- 

5-(a-Cyclopropylcarbonyl-2-fluorobenzyl)-2-pro- EXAMPLE 27 

pionyla^ 5.(a.CycIo P ro P ylcarbonyl.2.fluorobenzyI)-2. 

(Compound No. 192) nonanoyloxy^ ( 5,6,7.tetrahydrothieno[3,2-c] P yridine 

Following a procedure similar to that described in (Compound No. 199) 

Example 23, except that an equivalent amount of propi- 10 g ( 3 0 nimole) of 5-(a-cyck>propylcarbonyl-2- 

onic anhydride was used in place of the acetic anhy- fluorobenzy^-oxo^AS^JJa-hexahydrotWenop^- 

dride, the title compound was obtained as white crys- c]pyridine (prepared as described in Example 20) was 
tals, melting at 10r-102' C, in a yield of 16%. 55 dissolved in 15 ml of dimethylformamide, and then 0.18 

Infrared Absorption Spectrum (KBr) v max cm- J: g (4.5 mmole) of a 60% w/w dispersion of sodium hy- 

1705, 1760. dride in mineral oil and 0.82 ml (4.5 mmole) of nonanoyl 

Nuclear Magnetic Resonance Spectrum (CDC1 3 ) B chloride were added, in that order, to the resulting 

ppm: 0.75-0.90 (2H, multiplet); 0.9CM.IO (2H, multi- mixtur ^ whilst ice-cooling. The resulting reaction mix- 
plet); 1.21 (3H, triplet, J=6.7 Hz); 2.15-2.37 (1H, multi- « tu f e was at the ,*T e temperature for 30 

1 *C ^ « w r.Z*l* t < t vm t /ic n nc , AU m „i minutes, after which it was stirred at room temperature 

; ' r i ? ( ?5 Tnl to * ***** 5 hours. 300 ml of ethyl acetat e were then 

tiplet); 3.40-3.60 (2H, multiplet); 4.80 (1H, singlet); 6.25 addfid tQ thfi which was then washed ^ a 

(1H, singlet); 7.05-7.55 (4H, multiplet). saturated aqueous solution of sodium hydrogencarbon- 

Mass spectrum (CI, m/z) : 388 (M+ + 1), 318. ^ 65 ate and a saturated aqueous solution of sodium 

Elemental analysis: Calculated for C21H22FNO3S: C, chloride, in that order. The organic layer was separated 

65.10%; H, 5.72%; N, 3.61%; Found: Q 64.80%; H, and dried over anhydrous sodium sulfate, and the sol- 

5.72%; N, 3.61%, vent was removed by evaporation under reduced pres- 
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sure. The resulting residue was subjected to silica gel EXAMPLE 30 
column chromatography, using a 100:2 by volume mix- 
ture of toluene and ethyl acetate as the eluent, to give a 2-t^Butoxycarbonyloxy-5-{a-cycIopropylcarbonyl-2- 
yellow oil. The oil was crystallized from petroleum fluoTobcmylMAM-tetrahydrothienop^clpyridine 
ether to obtain the title compound as white crystals, 5 (Compound No. 203) 
melting at 45 D -48' C, in a yield of 40%, Following a procedure similar to that described in 
Nuclear Magnetic Resonance Spectrum (CDCI3) S Example 23, except that an equivalent amount of di-t- 
ppm: 0.80-1.80 (19H, multiplet); 2.21-2.32 (1H, multi- butyl dicarbonatc was used in place of the acetic anhy- 
plet); 2,53 (2H, triplet, J— 7.5 Hz); 2.70-2.95 (4H, multi- 1{J dride, the title compound was obtained as white crys- 
plct); 3.48 (1H, doublet, J=15.0 Hz); 3.57 <1H, doublet, tals, melting at 98^99* C. t in a yield of 15%. 
J=15.0 Hz); 4.84 (1H, singlet); 6.27 (1H, singlet); Nuclear Magnetic Resonance Spectrum (CDC1 3 ) 5 
7 05-7 55 (4H multiplet) PP m: 0-80-0.90 (2H, multiplet); 0.98-1,09 (2H, multi- 
Mass spectrum (CI, m/z) : 472 <M+ + 1), 402. P 5et ); 1*55 (9H, singlet); 2.20-2.34 (1H, multiplet); 
Element analyL/calculated for C JhW: C, 1, 
68.76%; H, 7.27%; N. 2.97%.; Found: C, 68.56%; H, sin S le & ^ ( 1H . 7.07-7,52 <4H, multi- 

7.49%; N, 2.97%. Mass spectrum (CI, m/z) : 432 (M + + 1), 362, 

EXAMPLE 28 Elemental analysis: Calculated for C23H26FNO4S: C, 

c , ^ . 1 u i *> fl w m 20 64 02%; H, 6.07%; N, 3.25%; Found: C, 63.57%; H, 

5-(a-CycIopropylcarbonyl-2-fluorobenzyl)-2- zu $03^. n 3.27%. 

decanoyloxy-4,5,6,7-tetrahydrothieno[3 t 2-c] pyridine * ' * 

and its hydrochloride (Compound No. 200) EXAMPLE 31 

28(a) Following a procedure similar to that described 2^Amino-5-(a-Cyclppropylcarbonyl^fluoroben- 

in Example 27, except that an equivalent amount of 25 xyl)4,5,6 t 7-tetrahydrothieno[3,2-c]pyridine (Compound 

decanoyl chloride was used in place of the nonanoyl No - 177 ) 

chloride, the title compound was obtained as a yellow 5 ml of hydrochloric acid were added to 0.4 g of 

oil in a yield of 40%. 5-(a-cyctopropyIcarbonyl-2-fluorobenzyl)-2-nitro- 

Nuclear Magnetic Resonance Spectrum (CDCh) S 4 I 5,6,7-tetrahydrothieno[3,2-c]pyridine hydrochloride 

ppm: 0.80-1.80 (21H, multiplet); 2,18-2.32 (1H, multi- 30 (prepared as described in Example 18), and then 0.23 g 

plet); 2.52 (2H, triplet, J= 7.5 Hz); 2,70-2.97 (4H, multi- of tin powder was added to the resulting mixture, whilst 

plet); 3.50 (1H, doublet, J=14.5 Hz); 3.59 (1H, doublet, stirring, after which the mixture was stirred at room 

J-14.5 Hz); 4.85 (1H, singlet); 6.26 (1H, singlet); temperature for a further hour. 10 ml of water were 

7.20-7.55 (4H, multiplet), 35 * dd ^ t0 , * e ««™ ^ ich ™* th "" 

Mass spectrum (a, m/z) : 486 (M+ + 1), 416. 35 Wlth ethylene chlonde The methy ene cWo- 

28(b) A procedure similar to that described in Exam- ^ ' emoved > ™* the ^ ^ 

. K , . Al _ . , j concentrated to dryness by evaporation under reduced 

pie 2(b) was repeated, usmg the title compound pre- ^ ^ then J crystallizcd from diethyl ether , t0 

pared as described in step (a) above, except that duso- givfi a complex of the title compound with stannic chlo- 
propyl ether was used as a solvent in place of the diethyl 40 ride as a pale ye]low po Wt!er i„ a yield of 72%. 
ether, to give the hydrochloride of the title compound Nuclear Magnetic Resonance Spectrum (CD3OD) d 
as yellow crystals, melting at 62'-64* C. r in a yield of ppm . 0.95-1.05 (2H, multiplet); 1.20-1.35 (2H, multi- 
81% plet); 1.85-1.99 (1H, multiplet); 3.60-3.80 (2H, multi- 
Elemental analysis: Calculated for p ] e t) ; 6.07 (1H, singlet); 7.35-7.80 (4H, multiplet). 
C28H36FN03S.HC1: C, 64.41%; H, 7.14%; N, 2.68%; 45 pViMp . F „ 
Found: C, 64.12%; H, 7.05%; N, 2.63%. fiAAMrLfc W 

2-Acetylamino-5-(a-cyclopropyIcarbonyl-2-fluoroben- 

EXAMPLE 29 zylH^^J-tetrahydrothienolS^-clpyridine 

5-(a-Cyclopropylcarbonyl-2-fluorobenzyl)-2-pal- $0 (Compound No. 179) 

mitoyloxy-4,5,6,7-tetrabydrothieno[3,2-c]pyridine 185 g (5^3 mmoie) of 5-(a^cyclopropylcarbonyl-2- 

(Compound No. 201) fluorobenzyl)-2-nitro-4,5,6,7-tetrahydrothieno[3,2- 
Following a procedure similar to that described in c]pyridine (prepared as described in Example 18) were 
Example 2?! except that an equivalent amount of pal- dissolved m a mixture of 20 ml of acetic acid and 2 ml of 
mitoyl chloride was used in place of the nonanoyl chlo- 55 acetic anhydride, and then L85 g of iron powder were 
muuyj enjonae wab uscu pwuc ui u * solution, whi st stimng at room tempera- 
ride, the tide compound was obtained as white crystals, ^ ^ ^ m 
melting at 6620 -68 C. ( in a yield of 21%. ture for 90 minutes. At the end of this time, water and 
Nuclear Magnetic Resonance Spectrum (CDCI3) 5 ch i 0 roform were added to the reaction mixture, and the 
ppm: 0.80-1.80 (33H, multiplet); 2.20-2.32 (1H, multi* ffl f ^ xSm was neutralized with sodium carbonate. The 
plet); 2.51 (2H, triplet, J=7.5 Hz); 2,70-2.95 (4H, multi- inorganic salt thus precipitated was filtered off, the 
plet); 3.48 (1H, doublet, J« 15.0 Hz); 3.58 (1H, doublet, remaining organic layer was separated and the aqueous 
J=15.0 Hz); 4.84 (1H, singlet); 6.26 (1H, singlet); layer was extracted with chloroform. The organic layer 
7.10-7.55 (4H> multiplet). and the extract were combined and dried over anhy- 
Mass spectrum (CI, m/z) : 570 (M++1), 500. $5 drous magnesium sulfate, and then the solvent was re- 
Elemental analysis: Calculated for C34H4BFNO3S: C, moved by distillation under reduced pressure. The re- 
71.66%; H, 8.49%; N, 2.46%; Found: C, 71.72%; H, suiting residue was then subjected to silica gel column 
8.62%; N, 2,43%, chromatography, using a 6:4 by volume mixture of 
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toluene and ethyl acetate as the eluent, to give 1 .86 g of Hydrochloride of isomer B 

the title compound. This was crystallized from diisopro- y 

pyl ether to obtain 1.37 g of the title compound as white melting at 105 p -l 10" C. 

crystals, melting at 155M59' C. Elemental analysis: Calculated for 

Nuclear Magnetic Resonance Spectrum <CDC1 3 ) & 5 Ci*HiiENOS.HaiH 2 0: C, 59,91%; H, 5.59%; N, 

ppm: 0.78-0.94 (2H, multiplet); 0,98-1.12 (2H, multi- 3.88%; Found: C, 59.80%; H, 5.84%; N, 3.79%, 

plct); 2.17 (3H, singlet); 2,15-2.32 (1H, multiplet); EXAMPLE 35 

2.70-2.99 (4H, multiplet); 3.50 (1H, doublet, J=11.4 . , „ , . t 

Hz); 3.60 (1H, doublet, J=11.4 Hz); 4,86 (1H, singlet); ift . 5-(a-Cyclop^^ 

6.27 (1H, singlet); 7.10-7.5S (4H, multiplet); 7.80-8.00 10 pivaloyIoxymethoxH,5A7-te^ahydrotluenot3 s 2c- 

(IH/broId singlet). Jpyndine (Compound No. 207) 

Mass spectrum (CI, m/z) ; 373 (M++1), 303. 1.0 g (3.0 mmole) of 5-(a-cycIopropylcarbonyI-2- 

Elemental analysis: Calculated for C20H21FN2O2S: fluorobenzylJ^-oxo^AS^JJa-hexahydrothieno [3,2- 

C, 64.49%; H, 5,68%; N, 7.52%.; Found: Q 64.38%; H, c]pyridine prepared as described in Example 20) was 

5.50%; N, 7.38%. - dissolved in 20 ml of dimethylfonnamide, and then 100 

mg (0.6 mmole) of potassium iodide and 0.13 g (3.3 
EXAMPLE 33 mmole) of a 60% dispersion of sodium hydride in min- 
2-Butyrylamino-5-(tt'Cyclopropylcarbonyl-2- eral oil were added to the solution at room temperature; 
fluorobenzylJ^.S^J-tetrahydrothienoIS^-clpyridine 20 the mixture was then stirred at the same temperature for 
(Compound No. 181) *0 minutes. At the end of this time, a solution of 0.43 ml 
. ' J 4 (3.0 mmole) of pivaloyloxymethyl chloride in 5 ml of 
Following a procedure similar to that described in dimethylformamide was added dropwise to the result- 
Example 32, except that equivalent amounts of butyric mg over a period 0 f 10 minutes, and the result- 
acid and butyric anhydride were used in place of the ing mixture was stirred at room temperature for 30 
acetic acid and acetic anhydride, the title compound 25 minutes. 300 ml of ethyl acetate were added to the 
was obtained as white crystals, melting at 154M57' C, reaction mixture, and the mixture was washed three 
in a yield of 61%. times, each time with 50 ml of a saturated aqueous solu- 
Nuclear Magnetic Resonance Spectrum (CDCh) 8 tion of sodium hydrogen, carbonate. The organic layer 
ppm: 0.78-0.94 (2H, multiplet); 0.90-1.10 (5H, multi- ^ was dried over anhydrous sodium sulfate, and the sol- 
plet); 1.65-1,82 (2H, multiplet); 2.21-2.39 (3H, multi- vent was removed by evaporation under reduced pres- 
plet); 2.69-2.95 (4H, multiplet); 3,47 (1H, doublet, sure. The resulting residue was subjected to silica gel 
11.4 Hz); 3.56 (1H, doublet, J=11.4 Hz); 4.81 (1H, column chromatography, using a 100:3 by volume mix- 
singlet); 6.25 (1H, singlet); 7.10-7.60 (4H, multiplet); ture of toluene and ethyl acetate as the eluent, to give 
7.70 (1H, singlet). 35 the title compound as a colorless oil in a yield of 15%. 
Mass spectrum (CI f m/z) : 401 (M+ + 1), 331. Infrared Absorption Spectrum (thin film) v^cm- 1 : 
Elemental analysis: Calculated for C22H25FN2O2: C, 1715, 1702, 
65.97%; H, 6.29%; N, 6.99%; Found: C, 65.95%; H, Nuclear Magnetic Resonance Spectrum (CDCI3) 5 
6 36%- N 6 95% PP ra; 0.79-0.93 (2H, multiplet); 0.99-1.14 (2H, multi- 
" ' ' " ^ plet); 1.22 (9H, singlet); 2.18-2.31 (1H, multiplet); 

EXAMPLE 34 ™ 2.65-2.95 (4H, multiplet); 3,44 (1H, doublet, J=15.5 

Optically active H ^ 3 ' 55 < 1H ' doublet > 1=155 Hz >> 484 (IH ' sm * let); 

S-Ca-cyclopropylcarbonyl-^fluorobenzyD^^.ej^tet^ sin * let >; 6M < IH ' sm * ,et * 7 ' 05 " Z50 (4H ' 

rahydrothieno[3,2-c]pyridine (Compound No. 59) multiplet). , ,n 

3 r 45 Mass spectrum (CI, m/z) : 446 (M+ + 1). 376. 

0.3 g of 5-(a-cyclopropyIcarbonyI-2-fluorobenzyl)- 

4,5,6,7-tetrahydrothieno[3,2-c]pyridine (prepared as EXAMPLE 36 

described in Example 12) was separated into fractions 5-(a-Cyclopropylcarbonyl-2-fluorobenzyl)-2-methoxy- 

by liquid chromatography [column: QAICEL CHI- 4 t 5,6,7-tetrahydrothieno[3,2c]pyridine and its 

RALPAC AD (trade name), 1 cmx25 cm); eluent: a 5Q hydrochloride (Compound No* 210) 

1000:40:1 by volume mixture of hexane, isopropanol 36(a) A procedure similar to that described in Exam- 

and diethylamine; column temperature: 35 C; flow , e 35 was fe ^ tedj cxcept thal ail equivalent amount 

rate: 4 ml/mmute], to obtain an optically active isomer of methyJ iodide was ufied ^ p|ace of thc pivaloy | ov 

A [retention time: 8:3 minutes; specific rotation angle ymethy | chloride and potassium iodide, to give the title 

\a]B*i 109.4' (C=1.80, CHCI3)] and an isomer B [re- 55 compound ^ a ye n ow oil in a yield of 45%. 

tentton time: 9.9 minutes; specific rotation angle Nuclear Magnetic Resonance Spectrum (CDC1 3 ) S 

M^s-ioar (C=l,90, CHC1 3 )]. ppm: o.80-0.92 (2H, multiplet); 1.00-L10 (2H, multi- 

Isomers A and B were separately dissolved in diethyl p j et ). 2.20-2.36 (1H, multiplet); 2.65-2.96 (4H, multi- 
ether, and then hydrogen chloride gas was allowed to p ] ct ). 3,42 (1H, doublet, J=14.5 Hz); 3.55 (1H, doublet, 
act upon the resulting solutions to obtain 0.13 g and 0.12 go J=14.5 Hz); 3 f S0 (3H, singlet); 4,82 (1H, singlet); 5.80 
g of the hydrochlorides of isomer A and isomer B, qh, singlet); 
respectively, as white crystals. 7.10-7.60 (4H, multiplet). 

_w * .« , , r . A Mass spectrum (CI, m/z) : 346(M+-f 1), 276. 

Hydrochlonde of isomer A 36(b) Fol|owing a procedure simiJar t0 that described 

melting at 106*-! 10° C. 65 in Example 2(b), using the whole of the title compound 

Elemental analysis: Calculated for prepared as described in step (a) above, the hydrochlo- 

CibHisFNOS.HCI.JHjO: C, 59.17%; H t 5.65%; N, ride of the title compound was obtained as white crys- 

3.83%; Found: C, 59,06%; H, 5.74%; N, 3.90%. tals, melting at 102° 7 106* c., in a yield of 78%. 
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Elemental analysis: PREPARATION 2 

Calculated for Ci9H2oFN0 2 S.HC],iH20:C, 5838%; - 

H, 5.67%; N, 3,58%.; Found: C, 58.08%; H p 5.77%; N ( 3<2.Fluorobenzyl)-5,6-dihydro-1,4,2-dioxazine 

3,53%, A procedure similar to that described in Preparation 

py a mpt pm 5 1 was repeated, except that an equivalent amount of 

tAAMrLt 37 o-fluorophenylacetic acid was used in place of the o- 

5-[a-(2-Fiuorocyclopropylcarbonyl-2-fIuorobenzyl]-2- chlorophenylacetic acid, to give the title compound as a 

oxo-2,4,5,6,7Ja4iexahydrothienol3,2-c]pyridme colorless oil in a yield of 45%, 

(Compound No. 275) 1Q Mass spectrum (CI, m/z) : 196 (M+ + 1), 109, 

Following a procedure similar to that described in PREPARATION 3 

Example I t except that equivalent amounts of 2* 3>(2,6-Dinuorobenzyl)-5,6-dihydro.l,4,2-dioxazine 

oxo2,4,5,6,7 l 7a-hexahydrothienol3,2-c]pyridine hydro- ■ m . __ _ , . _ 

chJoridrand2-fluoro.a-(2-fiuorocyclo P ropy! C a r bonyl)- , A procedure smdar to ttat descnbcd m Prepara fton 

benzyl broimde (prepared as described in Preparation " \ * as (1 re P ca ' ed * ? ce ?} th « m ^^^l 

„ ' j • i 4c^i« A t.j 2,6-difluoropheny!acetic acid was used in place of the 

^ r d --i" tff ^ , C 4 ' 5 /^ trah ^°" o^hlorophenylacetic acid, to give the title ^compound 

thienoP>2-c]pynduie hydrochloride and 2-chloro-a-tn- ^ a colc £ less oil m a yield of 45% , 

fluoroacetylbenzyl bromide, the title compound was Nuclear Magnetic Resonance Spectrum (CDCI3) fi 

obtained as a yellow oil in a yield of 31%. 2Q ppm . 3>61 (2 H, singlet); 4.04 (2H> triplet, J=4.1 Hz); 

The resulting 5-[a-(2-fluorocyclopropylcarbonyI-2- 4 j 0 (2H, triplet, J=4.1 Hz); 6.80-7.30 (4H, multiset). 

fluorobenzyl]-2-oxo-2 > 4,5,6,7 1 7a-hexahydrothieno[3 > 2- Mass spectrum (CI, m/z) : 214 (M+ + 1), 127. 

c]pyridine (Compound No, 275) is believed to contain a . 

small quantity of the tautomeric 5-[0>(2-fluorocyclo- PREPARATION 4 

propylcarbonyl-2-fluorobenzyl]-2-hydroxy-4,5A7-tet" 25 2-Chlorobenzyl cyclopropyl ketone 

rahydrothieno[3,2-c]pyridine (Compound No, 274), 10 ml of anhydrous diethyl ether were added to 0.45 

from which it was not separated. g ( 18 5 mmo i e ) of metallic magnesium, and then a solu- 

Infrared Absorption Spectrum (thin Film) v fflW cm- ] : ^ QTL 0 f 2.0 ml (15.4 mmole) of 2-chIorobenzyl bromide . 

1680. in 10 ml of diethyl ether was slowly added dropwise to 

Nuclear Magnetic Resonance Spectrum (CDCI3) 8 30 the resulting mixture, whilst stirring; the mixture was 

ppm: 1.48-1.55 (2H> multiplet); 1.85-2.01 (IH, multi- then stirred at room temperature for one hour. The 

plet); 2.30-2.51 (2H, multiplet); 2.53-2.90 (1H, multi- resulting solution was slowly added dropwise to a solu- 

plet); 3,00-3,20 (2H, multiplet); 3.83-4,01 & 4.03-4.18 tion of LI ml of cyclopropyl cyanide in 10 ml of diethyl 

(together 2H, each multiplet)- 4.46-4.60 & 4.79-4.92 « ether over a period of 30 minutes, and then the mixture 

(together 2H, each multiplet); 6.05 & 6.09 (together 1H, was stirred at room temperature for 2 hours. At the end 

each singlet); 7.10-7.45 (4H, multiplet). Mass spectrum of this time, a saturated aqueous solution of ammonium 

(CI m/z) • 350{M+ + 1) 262 chloride was added to the reaction mixture, and the 

* ' ; * v h mixture was stirred at room temperature for 15 minutes. 

PREPARATION 1 200 ml of ethyl acetate were then added to the reaction 

_ _ T , . |t . _ v j.i j • i . t- - mixture, and the organic layer was separated, washed 

3-(2-Chlorobenzyl)-5 l 6.dihydro-l,4 ) 2-d,ox aZ ,ne ^ ^ ^ a J turate / aqueoU5S( £ uti on of sodium 

A solution of 5,0 g (29.3 mmole) of o-chlorophenyla- hydrogencarbonate and with a saturated aqueous solu- 

cetic acid and 0.3 g of p-toluenesulfonic acid monohy- tion of sodium chloride, in that order, and dried over 

drate in 50 ml of methanol was heated under reflux for 45 anhydrous sodium sulfate; the solvent was then re- 

6 hours. At the end of this time, 3,1 g (44 mmole) of moved by distillation under reduced pressure. The resi- 

hydroxylamine hydrochloride were added to the reac- due thus obtained was subjected to silica gel column 

tion mixture, followed by 2.1 g of sodium methoxide. chromatography, using a 9:1 by volume mixture of 

The resulting reaction rnixture was then heated under toluene and ethyl acetate as the cluent, to give 2.0 g of 

reflux for 10 hours. 14.2 g (103 mmole) of potassium 50 ^ ™* compound as a colorless oil. 

carbonate and 5.1 ml of iVdibromoethane were then Absorption Spectrum (thin film) v mox cm~h 

added to the resulting reaction mixture, followed by 15 Nudear Magnet ; c Resonance Spectrum (CDC1 3 ) S 

ml of water. The reaction mixture was then heated 0,86-0.92 <2H, multiplet); 1.06-1.12 (2H, multi^ 

under reflux for a further 10 hours. At the end of this ]etJ , h96 _ lt 02 (1H, multiplet); 3.98 (2H, singlet); 

time, 200 ml of ethyl acetate were added to the reaction 55 7 10 „ 7 50 ( 4Hf rau iti p let). 

mixture, and the organic layer was separated, washed Mass spcc trum (CI, m/z) : 195 (M++1), 159, 

with a saturated aqueous solution of sodium hydrogen- T 

carbonate and dried over anhydrous sodium sulfate; the rKfcrAKA 1 iuxn 3 

solvent was then removed by distillation under reduced l^(2-Fluorophenyl)-2-pentanone 

pressure. The residue thus obtained was subjected to A procedur e simUar to that described in Preparation 

silica gel column chromatography, using a 9:1 by vol- 4 was re pe a t e d, except that equivalent amounts of 2- 

ume mixture of toluene and ethyl acetate as the eluent, fluorobenzyl bromide and butyl cyanide were used in 

to give 4,9 g of the title compound as an oil. place of the 2-chlorobenzyl bromide and cyclopropyl 

Nuclear Magnetic Resonance Spectrum (CDCb) 5 65 cyanide, to give the title compound as a colorless, oil in 

ppm: 3.67 (2H, singlet); 4.05 (2H, triplet, J=4.2 Hz); a yield of 36%. 

4.29 (2H, triplet, J— 4.2 Hz); 7.10-7.40 (4H, multiplet). Nuclear Magnetic Resonance Spectrum (CDCh) 5 

Mass spectrum (CI, m/z) : 212 (M+ + 1), 176. ppm: 0.90 (3H, triplet, J-8.0 Hz); 1.52-1.73 (2H, multi- 
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plet); 2,45 (2H, triplet, J=8.0 Hz); 3.70 (2H, singlet); as described in step (a) above], and then 12.11 g (190 

7.00-7.30 (4H, multiplet). mmole) of a zinc powder were added in portions to the 

Mass spectrum (CI, m/z) : 181 (M+ + 1), 109, resulting solution, whilst heating. The mixture was then 

PPT=PAT? ATTrvw heated under reflux, whilst stirring, for 4 hours. At the 

r*cbrAKAH<j« o 5 ^ of this time ^ the reaction mixture was left to stand 

l-(2-Fluorophenyl>2-hexanone overnight, and then the crystals which had precipitated 

A procedure similar to that described in Preparation were filtered off and washed with toluene. The filtrate 
4 was repeated, except that equivalent amounts of 2- was combined with the toluene washings, and the mix- 
fluorobenzyl bromide and pcntyl cyanide were used in ture was concentrated by evaporation under reduced 
place of the 2-chlorobenzyl bromide and cyclopropyl 10 pressure, The residue thus obtained was subjected to 
cyanide, to give the title compound as a colorless oil in - silica gel column chromatography, using toluene as the 
a yield of 46%. eluent, to give 1,85 g of the title compound as a pale 

Nuclear Magnetic Resonance Spectrum (CDCh) & brown oil. 
ppm: 0.90 (3H, triplet, J=&0 Hz); 1.2CM.39 (2H, multi- Nuclear Magnetic Resonance Spectrum (CDCI3) 8 
plet); 1,50-1,65 (2H, multiplet); 2.50 (2H, triplet, J=8,0 15 p p m : 1,05 (3H, triplet, J=7.0 Hz); 2.53 (2H, quartet, 
Hz); 3.70 (2H, singlet); 7.00-7.30 (4H, multiplet), j = 7,o Hz); 3.73 (2H, singlet); 7,00-7.40 (4H, multiplet). 

Mass spectrum (CI, m/z) : 195 (M+ + 1), 109. Mass spectrum (CI, m/z) : 167 (M+ + 1), 109. 

PREPARATION 7 PREPARATION 10 

l*(2-Fluorophenyl)-3,3-dimethyl-2-butanone 20 H2-Chloropheayl)-2-propanone 

A procedure similar to that described in Preparation Following a procedure similar to that described in 

4 was repeated, except that equivalent amounts of 2- p repa ration 9, except that equivalent amounts of 2- 

fluorobenzyl bromide and t-butyl cyanide were used in C hlorobenzaldehyde and nitroethane were used in place 

place of the 2-chlorobenzyl bromide and cyclopropyl 2$ Qf the 2 .fiuorobenzaldehyde and nitropropane, the title 

cyanide, to give the title compound as a colorless oil in com ^ und was obtained M a brown oil in a vie]d of 

a yield of 42%. 27% K 

Nuclear Magnetic : Spectrum (CDCI3) 6 u ; Resonance Spectrum (CDCU) 6 

SET ! f- Sin86t>; ° <2 H> >; PP™ 2.20 (3H singlet); 3.85 (2H, singlet); 7.15-7.45 

(4rl, multiplet;. ir> j/ u _., uii . f. rt 

Mass spectrum (CI, m/z) : 195 (M++1). 109. ^p'SL (CI, m/z) : 169 (M + + I ), 125. 



PREPARATION 8 
Cyclopropyl 2-fluorobenzyl ketone 



PREPARATION 11 
l-(2-chlorophenyl)-2-butanone 



A procedure similar to that described in Preparation 35 „ . , , ., , . 

4 was repeated, except that equivalent amounts of 2- Following a procedure similar to that described in 

fluorobenzy] bromide and cyclopropyl cyanide were Preparation 9, except that an equivalent amount of 2- 

used in place of the 2-chlorobenzyl bromide and cyclo- chlorobenzaldehyde was used m place of the 2- 

propyl cyanide, to give the title compound as a color- fluorobenzaldehyde, the title compound was obtained 

less oil in a yield of 70%. 40 as a pale yellow oil in a yield of 17%. 

Nuclear Magnetic Resonance Spectrum (CDC1 3 ) 5 Mass spectrum (CI, m/z) : 183 (M++1), 125. 

ppm: 0.82-0.98 (2H, multiplet); 1.03-1.17 (2H, multi* ptjcpat? ATinN 12 

plet); 1.92-2,06 (1H, multiplet); 3.86 <2H, singlet); rKfcrAKA 1 iujn 1 l 

7,10-7.30 (4H, multiplet). H2^Chlorophenyl>2-heptanone 

Mass spectrum (CI, m/z) : 179 (M+ + 1). 45 Following a procedure similar to that described in 

PREPARATION 9 Preparation 9, except that equivalent amounts of 2- 

. ,„ „ . ~ - ' chlorobenzaldehyde and nitrohexane were used in place 

H2-Fluoropheny])-2-butanone of the 2 -fluorobenzaldehyde and nitropropane, the title 

(a) I -(2-Fluorophenyl)-2-nitro- 1-butene 30 ml of compound was obtained as a pale yellow oil in a yield of 

acetic acid were added to 4.73 g (38,11 mmole) of 2- 50 p^, 

fluorobenzaldehyde, 4.41 g (49.49 mmole) of nitropro- Nuclear Magnetic Resonance Spectrum (CDCI3) S 
pane and 3.23 g (41.90 mmole) of ammonium acetate, p pm: 0.90 (3H, triplet, J =8,0 Hz); 1.20-1.40 (4H, multi- 
and the resulting mixture was heated under reflux, p i et ); 1.50-1.70 (2H, multiplet); 2.50 (2H, triplet, 
whilst stirring, for 4 hours. At the end of this time, the J=10.Q Hz); 3.80 (2H, singlet); 7,20-7,60 (4H, multi- 
reaction mixture was cooled to room temperature, neu- 55 p j et j 

tralized with an aqueous solution of sodium hydrogen- spectrum (CI t m/z) : 225 (M+ + 1), 125. 
carbonate and extracted with diethyl ether. The extract 

was dried over anhydrous magnesium sulfate, and then PREPARATION 13 

xylene was added to the solution. The mixture was Cyclobutyl 2-fluorobenzyl ketone 

concentrated by evaporation under reduced pressure, to 60 _ 

give 7.4 g of the title compound as a pale yellow oil. 20 ml of anhydrous diethyl ether were added to 1.06 

Nuclear Magnetic Resonance Spectrum (CDCIs) S g (44 mmole) of metallic magnesium, and then a solution 

ppm: 1.25 (3H, triplet, J=6.5 Hz); 2,80 (2H, quartet, of 7,56 g (40 mmole) of 2-fluorobenzyl bromide in 10 ml 

J=6.5 Hz); 7.00-7.60 (4H, multiplet); 8.03 (1H, singlet). of diethyl ether was slowly added dropwise to the re- 
Mass spectrum (CI, m/z) : 196 (M+ + 1), 149. 65 suiting mixture, whilst stirring; the mixture was then 
9(b) l-(2-Fluorophenyl)-2-butanone stirred at room temperature for I hour. The resulting 
100 ml of90%v/v aqueous acetic acid were added to solution was slowly added dropwise to a solution of 

7.4 g of l-(2-fluorophenyl)-2-nitro-l-butene [prepared 4,74 g (40 mmole) of cyclobutanecarbonyl chloride in 
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30 ml of tetrahydrofuran, whilst cooling in a methanol- ture, and the mixture was stirred at room temperature 

dry ice bath, over a period of 2 hours, and then the for 15 minutes, after which insolubles were removed by 

mixture was allowed to return to room temperature, filtration. The filtrate was concentrated by evaporation 

whilst stirring, over a period of 2 hours. At the end of ' under reduced pressure, and the residue was subjected 

this time, 100 ml of water and 150 ml of diethyl ether 5 to silica gel column chromatography, using a 10:2 by 

were added to the reaction mixture, and the organic volume mixture of toluene and ethyl acetate as the elu- 

layer was separated, dried over anhydrous magnesium ent, to give 0,87 g of the title compound as a yellow oil. 

sulfate and concentrated by evaporation under reduced Nuclear Magnetic Resonance Spectrum (CDCb) S 

pressure. The residue thus obtained was subjected to ppm: 6.39 (1H, singlet); 7,30 7.70 <4H, multiplet), 

silica gel column chromatography, using a 9:1 by vol- 10 Mass spectrum (CI, m/z) : 302 (M++2), 300 (M+)» 

ume mixture of toluene and hexane as the eluent, to give 22 1 . 

2.97 g of the title compound as a pale yellow oil. _____ 

Nuclear Magnetic Resonance Spectrum (CDCI3) 6 PREPARATION 17 

ppm: 1,65-2.40 (6H, multiplet); 131-3.48 (1H, multi- 2-Ch1oro-a<4^hlorobutyryl)benzyl bromide 

plet): 3.67 (2H, singlet); 7.00-7 30 (4H, multiplet), 15 ^ „ . , . + . «. - u a j 

P Mass spectrum (Cl/m/z) ; 193 (M+ + 1), 137/ _ lowing a procure s^ar to 1 ^Mbed in 

r v Preparation 16, except that an equivalent amount of 

PREPARATION 14 l-(2-chlorophenyl>5-chloro^pentanone was used in 

5.Chloro.H2-chlorophenyl)-2-pentanone °f the 1-0**Idk^ 

. _ n none, the title compound was obtained as a yellow oil in 

Following a procedure similar to that described m ^ u a of 
Preparation 13, except that equivalent amounts of 2- N UC i e ar Magnetic Resonance Spectrum (CDCh) 8 
chlorobenzyJ bromide and 4-chlorobutyryl chlonde 2.01-2.14 (2H, multiplet); 2.4O-2.90 (2H, multi- 
were used in place of the 2 fluorobenzyl bromide and let) 3.49.3,61 (2H, multiplet); 5,98 (1H, singlet); 
cyclobutanecarbonyl chloride, the title compound was 7 2Q _ 7 m (4H multip i et ) ( 
obtained as a yellow oil in a yield of 79%. 25 spectrum (CI, m/z) : 311 (M+ + 1)> 231. 

Nuclear Magnetic Resonance Spectrum (CDCb) 5 

ppm: 1.96-2.15 (2H, multiplet); 2.69 <2H, triplet, J=7.7 PREPARATION 18 

Hz); 3.56 (2H, triplet, J=7.7 Hz); 3,86 (2H, singlet); 2-Chloro-a-(5,6-dihydro-I,4,2-dioxazin^3-yl)benzyl 

7.10-7.50 (4H, multiplet). 3o bromide 

PREPARATION 15 4>0 g (19 mmole) of 3-(2-chlorobenzyl>5,6-dihydro- 
l-{2-Chlorophenyl)-3,3,3^trifluoro-2-propanone 1,4,2-dioxazine (prepared as described in Preparation 1) 
* » • , . J* * . /\ a were dissolved in 40 ml of carbon tetrachloride, and 
10 ml of anhydrous diethyl ether were added to 0,9 g ^ ^ (23 of ^^0^™^ and 0.2 g 
(37.0 mmole) of metallic magnesium, and then a solution 35 of benz0 , peroxide were added to the solution, which 
of 3.9 ml (30 8 mmole) of 2-chlorobenzyl chloride m 10 wft£ thfi _ whiht heatin for g hours , Al the cnd 
ml of diethyl ether was slowly added dropwise to the _ f ^ ( . m ml _ f cth ] _ cetate I00 ml of hex- 
resulting mixture with vigorous stirring, over a penod __ e wefe added tQ thfi soJutionj md the was 
of 30 minutes; the mixture was then stirred at room ^ ^ ^ fQT ^ ^ insolubles 
temperature for 1 hour. The ^suiting solution was 

slowly added dropwise to a centrated by evaporation under reduced pressure, to 

mmole) of tnfluoroacetic anhydride m 40 ml of tetrahy- * £j fi compound as a yellow oil. 

drofuran, whilst cooling to about ^70 C and then he * *^ m t m ^ ^ m 

mixture was allowed to return to room temperature, 212 

whilst stirring, over a period of about 1 hour; after this, 45 V* t * 

the mixture was left to stand overnight. At the end of PREPARATION 19 

this time, 200 ml of ethyl acetate were added to the ^nuoro-a-CS^ihydro-l^^-dioxazin^-yDbenzyl 

resulting reaction mixture, and the organic layer was * rjuUAU k J bromide 

separated, washed with IN aqueous hydrochloric acid 

and with a saturated aqueous solution of sodium chlo- 50 Following a procedure similar to that described in 

ride, in that order, dried over anhydrous sodium sulfate Preparation 18, except that an equivalent amount of 

and concentrated by evaporation under reduced pres- 3<2-fluoroberayl)-5,6-dihydro-l,4 > 2-dioxazine (pre- 

sure. The residue thus obtained was subjected to silica pared as described in Preparation 2) was used in place of 

gel column chromatography, using a 10:2 by volume the S-fZ-chlorobenzylJ^^-dihydro-l^^-dioxazine, the 
mixture of toluene and ethyl acetate as the eluent, to 55 title compound was obtained as a red oil in a yield of 

give 5.7 g of the title compound as a yellow oil. 98%. ■ 

Nuclear Magnetic Resonance Spectrum (CDCb) S Mass spectrum (CI, m/z) : 276 (M++3), 194. 

ppm: 4.16 (2H, singlet); PREPARATION 20 

Mass spectrum (CI, m/z) : 223 (M++ 1), 125, 



PREPARATION 16 60 



2,6-Difluoro-a<(5 I 6-dihydro^,4,2-dioxazin-3-yl)benzyl 
bromide 



2*Chloro-a-trifluoroacety!benzyl bromide Following a procedure similar to that described in 

2.0 g (9.0 mmole) of l-(2-chlorophenyl)-3,3,3-tri- Preparation 18, except that an equivalent amount of 

fluoro-2-propanonc were dissolved in 30 ml of carbon S^^e-difluorobenzylJ^^ihydro-l^^-dioxazine (pre* 
tetrachloride, and then 0.46 ml (9.0 mmole) of bromine 65 pared as described in Preparation 3) was used in place of 

was added to the solution, which was then stirred at the 3-(2-chlorobenzyl)-5,6-dihydro4,4,2-dioxazine 1 the 

room temperature for 10 hours. At the end of this time, title compound was obtained as a red oil in a yield of 
sodium hydrogensulfite was added to the reaction mixr 
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Mass spectrum (CI, m/z) : 294 (M+ 4-3), 214, were added dropwise at I0 ft to 18" C. over a period of 

TOroADATrnw one n0ur t0 30 m] of a * acetic acid somtion containing 

rKbr AK A 1 1UIN 21 ^ g ^ of 90% f^ng nitric acid> the 

2-Chloro-a-cyc!opropylcarbonylbenzyl bromide mixture was then stirred at a temperature not greater 

Following a procedure similar to that described in 5 than 18' C. for 1 hour. The reaction mixture was then 

Preparation 18, except that an equivalent amount of poured into ice-water and extracted with methylene 

2-chlorobenzyl cyclopropyl ketone (prepared as de- chloride. The organic layer was separated, washed with 

scribed in Preparation 4) was used in place of the 3-(2- a saturated aqueous solution of sodium hydrogencar^ 

chlorobenzyl)-5,6-dihydro-U4,2-dioxazine, the title bonate and with water, in that order, and dried over 

compound was obtained as a red oil in a yield of 83%. 10 anhydrous magnesium sulfate. The solvent was then 

Nuclear Magnetic Resonance Spectrum (CDCI3) 6 removed by distillation under reduced pressure, and the 

ppm: 0.80-1*20 (4H, multiplet); 2.04-2.16 (1H, multi- .resulting residue was crystallized from a mixture of 

plet); 6.18 (1H, singlet); 7.20-7,60 (4H, multiplet). hexane and toluene, to give 4.46 gofthe title compound 

Mass spectrum (CI, m/z) ; 275 (M++3), 193. as yellow crystals. 

edt?dada™m m 15 Nuclear Magnetic Resonance Spectrum (CDCI3) 6 

PREPARATION 22 ^ ^ & ^ (together m> wch singlel); 2 .82-3.05 

2-Chlorobenzyl 4-fluorophcnyl ketone (2H, multiplet); 3.80 & 3.95 (together 2H, each triplet, 

Following a procedure similar to that described in J=5.7 Hz); 4.55 & 4.66 (together 2H» each singlet); 7.66 

Preparation 13, except that equivalent amounts of 2- 20 OH, singlet). 

chlorobenzyl bromide and 4-fluorobenzoyl chloride Mass spectrum (CI> m/z) : 227 (M+ + 1). 

were used in place of the 2-fluorobenzyl bromide and 24(c) 2-Nitro-4,5,6,7-tetrahydrothieno[3,2-c]pyridine 

cyclobutanecarbonyl chloride, the title compound was hydrochloride 2.38 g (10,53 mmole) of 5-acetyl-2-nitro- 

obtained as a colorless powder in a yield of 34%. 4,5,6,7-tetrahydrothieno[3,2-c]pyridine [prepared as 

Nuclear Magnetic Resonance Spectrum (CDCI3) 6 25 described in step (b) above] were heated under reflux 

ppm: 4.40 (2H, singlet); 7,10-7.45 (6H, multiplet); for 2 hours in 60 ml of 1096 w/v aqueous hydrochloric 

8.04—8.10 (2H, multiplet). acid, The reaction mixture was then concentrated to 

Mass spectrum (CI, m/z) : 249 (M+ H-l), 213* dryness by evaporation under reduced pressure, to give 

PREPARATION 23 ^.19 g of the title compound as brown crystals. 

30 Nuclear Magnetic Resonance Spectrum (CD3OD) 5 

2-FluorobenzyI isopropyl ketone ppm . 3 2 2 (2H t triplet, J=6.2 Hz); 3.60 (2H, triplet, 

Following a procedure similar to that described in J =6.2 Hz); 4.31 (2H, singlet); 7.87 (1H, singlet). 

Preparation 4, except that equivalent amounts of 2- Mass spectrum (CI, m/z) : 185 (M+ + 1). 

fluorobenzyl chloride and isobutyronitrile were used in D .- DAt . A ^ 

place of the 2-chlorobenzyi bromide and cyclopropyl 35 FKfcFAKAUUN n 

cyanide, the title compound was obtained as a colorless 4,5,6,7-Tetrahydrofuro[3,2-c]pyridine 

Oil in a yield of 25%. % J (4fi mmole) of 31% Q us formaldehyde 

nnm UC l Ts (SFSS^ solution werc adde * dr °P wise * room temperature to 

Mass spitrunS (CI, M 181 (M + + 1 ), 109. 

PREPARATION 24 15 minutes, after which it was extracted with diethyl 

2-Nitro^,5,6,7.tetrahydrothieno[3,2-c]pyridine ether. The organic extract was washed with : water and 

hydrochloride 45 dned over anhydrous sodium sulfate, and then the di- 

, ethyl ether was removed by distillation under reduced 
24(a) 5-Acetyl-4,5,6,7-tetrahydrothieno[3,2-c]pyn- p ressu re. 5 ml of dimethylformamide were added to the 

di " e , . . , „ , , , ,_. • r „ „ residue, and the resulting solution was added dropwise 

35.1 g (200 mmole) of 4,5,6 T-tetrahydrothienop^- (0 , 5 mJ of dimethylfora)amide containing 3.6 g (100 
c]pynd.ne hydrochloride . and 38.57 g (200 mmole) of ofdry hydrogen chloride at room temperature. 

7m w/v sodium methoxide m methanol were added to SO ^ ^ ^ ^ for 3 hou ^ At 

200 ml of ethano , and the resulting mature ^sirred the e „d of this time, the greater part of the dimethyl- 
at room temperature foi ■ 1 hour The morganic ^alt thus was removed £ dis ^ htiori wdeT reduced 

precipitated was filtered off, and the filtrate was con- . * ft 1VT , . * 

centred to dryness by evaporation under reduced pressure* and then water and a 0. IN aqueous solution of 
pressure. 50 ml of acetic anhydride were added all at 55 sodmm hydroxide were added to he residue so as to 
once, whilst stirring, to the residue, and the resulting \4just its P H to a value of about 11; the mature was 
mixture was stirred at room temperature fori hour. The then "tracted with chloroform The organic extract 
reaction mixture was then concentrated to dryness by was washed with water and dned over anhydrous so- 
evaporation under reduced pressure, and the residue dium sulfate - Th* chloroform was then removed by 
thus obtained was subjected to silica gel column chro- 60 evaporation under reduced pressure, and the resulting 
matography, using a 6:4 by volume mixture of toluene residue was purified by silica gel column chromatogra- 
and ethyl acetate as the eluent, to give 29.32 g of the phy, using a 50:1 by volume mixture of chloroform and 
title compound as a yellow oil. methanol as the eluent, to give the title compound as a 

24(b) 5-Acety!2-nitro-4,5,6,7-tetrahydrothieno[3^ brown oil in a yield of 27%. 
c]pyridine 65 Nuclear Magnetic Resonance Spectrum (CDCI3) 8 

20 ml of an acetic anhydride solution containing 5.43 ppm: 3.10-3.20 (4H, multiplet); 3.70-3.80 (2H, multi- 
g (30 mmole) of S-acetyM.S^tetrahydrothieno.p^ plet); 6.20 (1H, singlet); 7.27 (1H, singlet). 
c]pyridine [prepared as described in step (a) above] Mass spectrum (CI, m/z) : 124(M+ + 1). 
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PREPARATION 26 
2-Fluorobenzyl 2-fluorocycIopropyl ketone 

A procedure similar to that described in Preparation 
was repeated, except that an equivalent amount of 2- 
fluorocyclopropylcarbonyl chloride was used in place 
of the cyclobutylcarbonyl chloride, to give the title 
compound as a colorless oil in a yield of 27 %. 

Nuclear Magnetic Resonance Spectrum (CDC J 3) 8 
ppm: 1.38-1.58 (2H, multiplet); 2.34-2.56 (1H, multi- 10 
plet); 3.90 (2H, singlet); 4.54-4.61 & 4,86-4.93 (together 
1H, each multiple:); 7,05-7,35 (4H, multiple!). - 

Mass spectrum (CI, m/z) ; 197 (M+ + 1), 109. 

PREPARATION 27 15 
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2-Fluoro-a-(2'fluorocyc]opropyIcarbonyi)benzyl 
bromide 

A procedure similar to that described in Preparation 
18 was repeated, except that an equivalent amount of 
2-fluorobenzyl 2-fluorocyclopropyI ketone was used in 
place of the 3-(2-chlorobenzyl)-5,6-dihydro-l,4,2-dioxa- 
zine, to give the title compound as a colorless oil in a 
yield of 76%. 

Nuclear Magnetic Resonance Spectrum (CDCI3) S 
ppm: 1.44-1.73 (2H, multiplet); 2.54-2:76 (1H, multi- 
plet); 4,54-4.68 & 4.85-4.99 (together 1H, each multi- 
plet); 5.93 (1H, singlet); 7.05-7.60 (4H, multiplet), 

Mass spectrum (CI, m/z) : 277 (M++2), 275 (M+), 
195. 

We claim: 

1, A compound of formula (I): 



20 



25 



30 




35 



40 
wherein 

Ri represents a hydrogen atom, an alkyl group hav- 
ing from I to 4 carbon atoms, a halogen atom, a 
haloalkyl group having from I to 4 carbon atoms 
and at least one halogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, a 
haloalkoxy group having from 1 to 4 carbon atoms 
and at least one halogen atom, an alkylthio group 
having from 1 to 4 carbon atoms, a haloalkylthio 
group having from 1 to 4 carbon atoms and at least 
one halogen atom, an amino group, an alkanoyl 
group having from 1 to 5 carbon atoms, a haloal- 
kanoyl group having from 2 to 5 carbon atoms and 
at least one halogen atom, a carboxy group, an 
alkoxycarbonyl group having from 2 to 5 carbon 
atoms, a carbamoyl group, a cyano group, a nitro 
group, an alkanesulfonyl group having from 1 to 4 
carbon atoms, a haloalkanesulfonyl group having 
from 1 to 4 carbon atoms and at least one halogen 
atom, or a sulfamoyl group; 

R 2 represents an alkanoyl group having from 1 to 10 
carbon atoms; a substituted alkanoyl group which 
has from 2 to 10 carbon atoms and which is substi. 
tuted by at least one substituent selected from the 
group consisting of substituents A, defined below; 65 
an alkenoyl group having from 3 to 6 carbon 
atoms; a substituted alkenoyl group which has from 
3 to 6 carbon atoms and which is substituted by at 
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least one substituent selected from the group con- 
sisting of substituents A, defined below; a cycloalk- 
ylcarbonyl group having from 4 to 8 carbon atoms; 
a substituted cycloalkylcarbonyl group which has 
from 4 to 8 carbon atoms and which is substituted 
by at least one substituent selected from the group 
consisting of substituents A, defined below; or a 
substituted benzoyl group having at least one sub- 
stituent selected from the group consisting of sub- 
stituents B, defined below; 
R 3 represents a hydrogen atom; a hydroxy group; an 
alkoxy group having from 1 to 4 carbon atoms; a 
substituted alkoxy group which has from 1 to 4 
carbon atoms and which is substituted by at least 
one substituent selected from the group consisting 
of substituents C defined below; an aralkyloxy 
group in which the aralkyl part is as defined below; 
an alkanoyloxy group having from 1 to 18 carbon 
atoms; an alkenoyloxy group having from 3 to 6 
carbon atoms; a cycloalkylcaTbonyloxy group hav- 
ing from 4 to 8 carbon atoms; an arylcarbonyloxy 
group in which the aryl part is as defined below; an 
alkoxycarbonyloxy group having from 2 to 5 car- 
bon atoms; an aralkyloxycarbonyloxy group in 
which the aralkyl part is as defined below; a 
phthalidyloxy group; a (5-methyI-2-oxo-l,3-dioxol- 
en-4yl)methoxy group; a (S-phenyl-2-oxo-I,3-diox- 
olen-4-yl)methoxy group; a group of Formula — N- 
K a R b : wherein R ff and R* are independently se- 
lected from the group consisting of hydrogen 
atoms, alkyl groups having from 1 to 4 carbon 
atoms and substituted alkyl groups which have 
from 1 to 4 carbon atoms and which are substituted 
by at least one substituent selected from the group 
consisting of substituents C, defined below; an 
aralkylamino group in which the aralkyl part is as 
defined below; an alkanoylamino group having 
from 1 to 18 carbon atoms; an alkenoylamino group 
having from 3 to 6 carbon atoms; a cycloalkylcar- 
bonytamino group having from 4 to 8 carbon 
atoms: an arylcarbonylamino group in which the 
aryl part is as defined below; an alkoxycar- 
bonylamino group having from 2 to 5 carbon 
atoms; an aralkyioxycarbonylamino group in 
which the aralkyl part is as defined below; a 
phthalidylamino group; a (5-methyl-2-oxo~l,3- 
dioxolen-4-yl)methylamino group; a (5-phenyl-2- 
oxO-l,3-dioxolen-4-yl)methylamino group, or a 
nitro group; 
Y is a sulfur atom; and 

n is an integer from 1 to 5, and, when n is an integer 
from 2 to 5, the groups represented by R* may be 
the same as or different from each other; 

said substituents A are selected from the group con- 
sisting of halogen atoms, hydroxy groups, alkoxy 
groups having from 1 to 4 carbon atoms and cyano 
groups; 

said substituents B are selected from the group con- 
sisting of alkyl groups having from 1 to 4 carbon 
atoms, halogen atoms and alkoxy groups having 

♦ from 1 to 4 carbon atoms; 

said substituents C are selected from the group con- 
sisting of alkoxy groups having from 1 to 4 carbon 
atoms, alkanoyloxy groups having from 1 to 6 car- 
bon atoms and arylcarbonyloxy groups in which 
the aryl part is as defined below; 
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said aralkyl parts of said aralkyloxy, aralkyloxycar- 
bonyloxy, aralkylamino and aralkyloxycar- 
bonylamino groups are alkyl groups which have 
from 1 to 4 carbon atoms and which are substituted 
by at least one aryl groups as defined below; 5 

said aryl groups and said aryl parts of said arylcar- 
bonyloxy groups and of said arylcarbonylamino 
groups having from 6 to 10 carbon atoms in a car- 
bocyclic ring which is unsubstituted or is substi- 
tuted by at least one substituent selected from the 10 
group consisting of substituents D, defined below; 
and 

said substituents D are selected from the group con- 
sisting of the groups and atoms defined above in 
relation to R l , other than said hydrogen atom; 15 

or a tautomer thereof, or a pharmaceutically accept- 
able salt of said compound of formula (I) and of 
said tautomer, 

2. The compound of claim 1, wherein said tautomer 
has the formula (la) or (lb): 



20 




(la) 



25 



Ob) 30 
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wherein Rl, R 2 , Y and n are as defined above and Z 
represents group of formula =NH or an oxygen 
atom. 40 

3. The compound of claim 1, wherein R 1 represents a 
hydrogen atom, an alkyl group having from 1 to 4 car* 
bon atoms, a halogen atom, a fluoroalkyl group having 
from 1 to 4 carbon atoms and at least one fluorine atom, 
a hydroxy group, an alkoxy group having from 1 to 4 45 
carbon atoms, a fluoroalkoxy group having from 1 to 4 
carbon atoms and at least one fluorine atom, an alkyl- 
thio group having from 1 to 4 carbon atoms, a fluoroal- 
kylthio group having from 1 to 4 carbon atoms and at 
least one fluorine atom, an amino group, an alkanoyl 50 
group having from 1 to 5 carbon atoms, a fluoroalkan- 
oyl group having from 2 to 5 carbon atoms and at least 
one fluorine atom, an alkoxycarbonyJ group having 
from 2 to 5 carbon atoms, a carbamoyl group, a cyano 
group, a nitro group, an alkanesulfonyl group having 55 
from 1 to 4 carbon atoms, a fluoroalkanesulfonyl group 
having from 1 to 4 carbon atoms and at least one fluo- 
rine atom, or a sulfamoyl group. 

4. The compound of claim 1, wherein R 2 represents 
an alkanoyl group having from 2 to 6 carbon atoms, a 60 
substituted alkanoyl group which has from 2 to 6 car- 
bon atoms and which is substituted by at least one sub- 
stituent selected from the group consisting of substitu- 
ents A' t defined below, a cycloalkylcarbonyl group 
having from 4 to 7 carbon atoms, a substituted cycloalk- 65 
ylcarbonyl group which has from 4 to 7 carbon atoms 
and which is substituted by at least one substituent se- 
lected from the group consisting of substituents A r , 



defined below of a substituted benzoyl group having at 

least one fluorine substituent; and 
said substituents A' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, hydroxy 
groups, methoxy groups, ethoxy groups and cyano 
groups. 

5. The compound of claim 1, wherein: 
R 3 represents a hydrogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, an 
. alkoxymethoxy group in which the alkoxy part has 
from 1 to 4 carbon atoms, an alkanoyloxymethoxy 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyloxy group which is unsub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 
D', defined below, an alkanoyloxy group having 
from 1 to 18 carbon atoms, an alkenoyloxy group 
having 3 or 4 carbon atoms, a cycloalkylcar- 
bonyloxy group having from 4 to 7 carbon atoms, 
a benzoyloxy group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D', defined 
below, an alkoxycarbonyloxy group having from 2 
to 5 carbon atoms, a benzyloxy- carbonyloxy group 
which is unsubstituted or is substituted by at least, 
one substituent selected from the group consisting 
of substituents D', defined below, a phthalidyloxy 
group, a (5-methyI-2-oxo-I,3-dioxolen-4-yl)me- 
thoxy group, a (5-phenyl-2-oxo-l,3-dioxoIen-4- 
yl)methoxy group, a group of formula — NR fl R* 
wherein R fl and R*are independently selected from 
the group consisting of hydrogen atoms, methyl 
and ethyl groups or R a represents a hydrogen 
atom and R* represents an alkanoyloxymethyl 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, 
a benzylamino group, an alkanoylamino group 
having from 1 to 18 carbon atoms, an al- 
kenoylamino group having 3 or 4 carbon atoms, a 
cycloalkylcarbonylamino group having 6 or 7 car- 
bon atoms, a benzoylamino group which is ^sub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 
D', defined below, an alkoxycarbonylamino group 
having from 2 to 5 carbon atoms or a benzylox- 
ycarbonylamino group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D', defined 
below; and 

said substituents D' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, methyl 
groups and methoxy groups. 
6. The compound of claim 1, wherein: 
Ri represents a hydrogen atom, an alkyl group hav- 
ing from I to 4 carbon atoms, a halogen atom, a 
fluoroalkyl group having from 1 to 4 carbon atoms 
and at least one fluorine atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, a 
fluoroalkoxy group having from 1 to 4 carbon 
atoms and at least one fluorine atom, an alkylthio 
group having from 1 to 4 carbon atoms, a fluoroal- 
kylthio group having from 1 to 4 carbon atoms and 
at least one fluorine atom, an amino group, an al- 
kanoyl group having from 1 to 5 carbon atoms, a 
fluoroalkanoyl group having from 2 to 5 carbon 
atoms and at least one fluorine atom, an alkoxycar- 
bonyl group having from 2 to 5 carbon atoms, a 
carbamoyl group, a cyano group, a nitro group, an 
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alkanesulfonyl group having from 1 to 4 carbon 
atoms, a fluoroalkanesulfonyl group having from 1 
to 4 carbon atoms and at least one fluorine atom, or 
a sulfamoyl group; 

R 2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one substituent selected from the 
group consisting of substituents A', defined below, 
a cycloalkylcarbonyl group having from 4 to 7 
carbon atoms, a substituted cycloalkylcarbonyl 
group which has from 4 to 7 carbon atoms and 
which is substituted by at least one substituent 
selected from the group consisting of substituents 
A', defined below or a substituted benzoyl group 
having at least one fluorine substituent; 

R 3 represents a hydrogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, an 
alkoxymethoxy group in which the alkoxy part has 
from 1 to 4 carbon atoms, an alkanpyloxymethoxy 2 o 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyloxy group which is unsub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 



10 



15 



gen atom, a methyl group substituted by at least one 
fluorine atom, a hydroxy group, a methoxy group, an 
ethoxy group, a methoxy group substituted by at least 
one fluorine atom, a methylthio group, a metbylthio 
group substituted by at least one fluorine atom, a formyl 
group, an acetyl group, an acetyl group substituted by 
at least one fluorine atom, an alkoxycarbonyl group 
having from 2 to 4 carbon atoms, a carbamoyl group, a 
cyario group, a nitro group, a methanesulfonyl group, 
an ethanesulfonyl group, a methanesulfonyl group sub- 
stituted by at least one fluorine atom, or a sulfamoyl 
group. 

10. The compound of claim 1, wherein R 2 represents 
an alkanoyl group having from 2 to 6 carbon atoms, a 
substituted alkanoyl group which has from 2 to 6 car- 
bon atoms and which is substituted by at least one fluo- 
rine atom, a cycloalkylcarbonyl group having from 4 to 
7 carbon atoms, or a substituted cycloalkylcarbony! 
group which is substituted by at least one fluorine atom. 

11. The compound of claim 1, wherein R 3 represents 
a hydrogen atom, a hydroxy group, a methoxy group, 
an ethoxy group, a t-butoxy group, a methoxymethoxy 
group, an alkanoyloxymethoxy group in which the 



D\ defined below, an alkanoyloxy group having 25 alkanoyl part has from 1 to 5 carbon atoms, a benzyloxy 
from 1 to 18 carbon atoms, an alkenoyloxy group group, an alkanoyloxy group having from 1 to 12 car- 
having 3 or 4 carbon atoms, a cycloalkylcar- bon atoms, an alkenoyloxy group having 3 or 4 carbon 
bonyloxy group having from 4 to 7 carbon atoms, atoms, a cycloalkylcarbonyloxy group having from 4 to 
a benzoyloxy group which is unsubsdtuted or is 7 carbon atoms, a benzoyloxy group, an alkoxycar- 
substituted by at least one substituent selected from. 30 bonyloxy group having from 2 to 5 carbon atoms, a 
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the group consisting of substituents D', defined 
below, an alkoxycarbonyloxy group having from 2 
to 5 carbon atoms, a benzyloxycarbonyloxy group 
which is unsubstituted or is substituted by at least 
one substituent selected from the group consisting 35 
of substituents D', defined below p a phthalidyJoxy 
group, a (5-methy1-2<tto-l>3-dioxolen4-yl)me- 
thoxy group, a (5-phenyl-2-oxo-l,3-dioxolen-4^ 
yl)methoxy group, a group of formula — NR fl R* 
wherein R*and R*are independently selected from 
the group consisting of hydrogen atoms, methyl 
groups and ethyl groups or R° represents a hy- 
drogen atom and R* represents an alkanoylox- 
ymethyl group in which the alkanoyl part has 
from 1 to 5 carbon atoms, 
a benzylamino group, an alkanoylamino group 
having from 1 to IS carbon atoms, an al- 
kenoylamino group having 3 or 4 carbon atoms, a 
cycloalkylcarbonylamino group having 6 or 7 car- 
bon atoms, a benzoylamino group which is unsub- 
stituted or js substituted by at least one substituent 50 
selected from the group consisting of substituents 
D r , defined below, an alkoxycarbonylamino group 
having from 2 to 5 carbon atoms or a benzylox- 
ycarbonylamino group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D f , defined 
below; 

said substituents A' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, hydroxy 
groups, methoxy groups, ethoxy groups and cyano 60 
groups; and 

said substituents D' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, methyl 
groups and methoxy groups. 

7. The compound of claim 6, wherein n is from 1 to 3. 65 

8. The compound of claim 6, wherein n is 1. 

9. The compound of claim 1, wherein R 1 represents a 
hydrogen atom, a methyl group, an ethyl group, a halo- 
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benzyloxycarbonyloxy group, a phthalidyloxy group, a 
(5-methyl-2-oxo-l 1 3-dioxolen-4-yl)methoxy group, a 
(5-phenyK2-oxc~l f 3-dioxolen-4-yI)mcthoxy group, an 
amino group or a t-butoxycarbonylamino group. 
12. The compound of claim 1, wherein: 
R 1 represents a hydrogen atom, a methyl group, an 
ethyJ group, a halogen atom, a methyl group substi- 
tuted by at least one fluorine atom, a hydroxy 
group, a methoxy group, an ethoxy group, a me- 
thoxy group substituted, by at least one fluorine 
atom, a methylthio group, a methylthio group sub- 
stituted by at least one fluorine atom, a formyl 
group, an acetyl group, an acetyl group substituted 
by at least one fluorine atom, an alkoxycarbonyl 
group having from 2 to 4 carbon atoms, a carbam- 
oyl group, a cyano group ; a nitro group, a me* 
thanesulfonyl group, an ethanesulfonyl group, a 
methanesulfonyl group substituted by at least one 
fluorine atom, or a sulfamoyl group; 
R 2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one fluorine atom, a cycloalkylcar- 
bonyl group having from 4 to 7 carbon atoms, or a 
substituted cycloalkylcarbonyl group which is sub- 
stituted by at least one fluorine atom; and 
R 3 represents a hydrogen atom, a hydroxy group, a 
methoxy group, an ethoxy group, a t-butoxy group, 
a methoxymethoxy group, an alkanoyloxymethoxy 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyloxy group, an alkanoyloxy 
group having from 1 to 12 carbon atoms, an al- 
kenoyloxy group having 3 or 4 carbon' atoms, a 
cycloalkylcarbonyloxy group having from 4 to 7 
carbon atoms, a benzoyloxy group, an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms, 
a benzyloxycarbonyloxy group, a phthalidyloxy 
group, a (5-methyl-2-oxo-l,3-dioxolen-4-yI)me- 
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thoxy group, a (5-phenyl-2-oxo-l,3-dioxolen-4- 24. The compound of claim 22, wherein n is 1. 
yl)methoxy group, an amino group or a t-butox- 25 4 The compound of claim 1, selected from the 
ycarbonylamino group. group consisting of 5-(2-fluoro-a-propionylbenzyl> 

13. The compound of claim 12, wherein n is from 1 to 4,5,6,7-tetrahydrotm'eno[3,2K;]pyridine and pharmaceu- 
3_ 5 tically acceptable salts thereof. 

14. The compound of claim 12, wherein n is 1, 26. The compound of claim 1> selected from the 

15. The compound of claim 1, wherein R 1 represents group consisting of 5^(a-cyclopropylcarbonyl-2-fluoro- 
a halogen atom, a trifluoromethyl group, a hydroxy ben2ylH,5A7-tetrahydrothienot3,2-c]pyridine and 
group, a difluoromethoxy group, a trifluoromcthoxy pharmaceutical^ acceptable salts thereof. 

group, a difluoromethylthio group, a trifluorometh- 10 27. The compound of claim 1, selected from the 
ylthio group, a formyl group, an acetyl group, a trifluo- group consisting of 5-(2-chloro-a-cyclopropylcarbonyl- 
roacetyl group, a cyano group or a nitro group. benzylHS^^-tetrahydrothienolS^-clpyridine and 

. 16. The compound of claim 1, wherein R3 represents pharmaceutically acceptable salts thereof, 
a hydrogen atom, a hydroxy group, a pivaloyloxyme- 28. The compound of claim 1, selected from the 
thoxy group, an alkanoyloxy group having from 2 to 10 15 group consisting of 2-acetoxy-5-{aK;ycIopropylcarbo- 
carbon atoms, an alkoxycarbonyloxy group having nyl-2-nuorobenzyl)A5,6,7-tetrahydrothienot3,2-c]pyri- 
from2to 5 carbon atoms or a (5-methyl-2-oxo-l,3-diox- dine and pharmaceutically acceptable salts thereof 
oIen-4-yl)methoxy group. 29, The compound of claim 1, selected from the 

17. The compound of claim 1, wherein: group consisting of 5Ka-cyclopropylcarbonyl-2- 
Ri represents a halogen atom, a trifluoromethyl 20 fluorobenzyl)-2-propionyloxy-4,5A7-tetrahydro- 

group, a hydroxy group, a difluoromethoxy group, thieno[3,2-c]pyridine and pharmaceutically acceptable 
a trifluoromethoxy group, a difluoromethylthio salts thereof. 

group, a trifluoromethylthio group, a formyl 30. The compound of claim 1, selected from the 
group, an acetyl group, a trifluoroacetyl group, a group consisting of 2-butyi7loxy-5^a-cyclopropyIcar- 
cyano group or a nitro group; 25 bonyl^-fluorobenzy^^S.ej-tetrahydrothjenop^- 

R2 represents an alkanoyl group having from 2 to 6 c]pyridine and pharmaceutically acceptable salts 
carbon atoms, a substituted alkanoyl group which thereof. 

has from 2 to 6 carbon atoms and which is substi- 31. The compound of claim 1, selected from the 
tuted by at least one fluorine atom, a cycloalkylcar- group consisting of 5-(a-cycIopropy!carbonyl-2- 
bonyl group having from 4 to 7 carbon atoms, or a 30 fluorobenzyO^-pivaloyloxy^S.ej-tetrahydro- 
substituted cycloalkylcarbonyl group which is sub- thieno[3,2-c]pyridine and pharmaceutically acceptable 
stituted by at least one fluorine atom; and salts thereof. 

R3 represents a hydrogen atom, a hydroxy group, a 32. The compound of claim I, selected from the 
pivaloyloxymethoxy group, an alkanoyloxy group group consisting of 5-(a-cyclopropylcarbonyl-2- 
having from 2 to 10 carbon atoms, an alkoxycar- 35 fluorobenzy]>2-valeryloxy-4,5,6,7-tetrahydro- 
bonyloxy group having from 2 to 5 carbon atoms thieno[3,2-c]pyridine and pharmaceutically acceptable 
" or ' a {5-methyl-2-oxo-l,3-dioxolen-4-yl)methoxy salts thereof 
g TO up, 33, The compound of claim 1, selected from the 

18. The compound of claim 17, wherein n is from 1 to group consisting of 5-(ocyclopropylcarbonyl-2- 
3, '40 ftuorobenzyl)-2-hexanoyloxy-4 f 5,6,7-tetrahydro- 

19. The compound of claim 17, wherein n is 1. thieno[3,2-c]pyridine and pharmaceutically acceptable 

20. The compound of claim 1, wherein R* represents salts thereof. 

an acetyl group, a propionyl group, a substituted acetyl 34. The compound of claim 1, selected from the 
or propionyl group which is substituted by at least one group consisting of 2-t-butoxycarbonyloxy^5"{a-cyclo- 
fluorine atom, a cyclopropylcarbonyl group, cy- 45 propylcarbonyI-2-fluorobenzy!>4,5,6,7-tetrahydro- 
clobutylcarbonyl group, or a substituted cyclopropyl- thieno[3,2-c]pyridine and pharmaceutically acceptable 
carbonyl or cyclobutylcarbonyl group which is substi- salts thereof. 

tuted by at least one fluorine atom. 35. The compound of claim 1, selected from the 

21. The compound of claim 1, wherein R* represents group consisting of 5-(a-cycIopropyIcarbonyl-2- 
a hydrogen atom, a hydroxy group, a pivaloyloxyme- 50 fluorobenzyO^-pivaloyloxymethoxy^.S^J^etrahy- 
thoxy group, an alkanoyloxy group having from 2 to 6 drothieno-[3,2-c]pyridine and pharmaceutically accept- 
carbon atoms or an alkoxycarbonyloxy group having able salts thereof. 

from 2 to 5 carbon atoms. 36. The compound of claim 1, selected from the 

22. The compound of claim 1, wherein: group consisting of 5-(2-chloro-a^yclopropylcarbonyI- 
Ri represents a fluorine or chlorine atom; 55 benzylJ^-oxo^^^^^Ja-hexahydrothienoIS^^Jpyri- 
R 2 represents an acetyl group, a propionyl group, a dine and its tautomer and pharmaceutically acceptable 

substituted acetyl or propionyl group which is salts thereof. 

substituted by at least one fluorine atom, a cyclo- 37. The compound of claim 1, selected from the 
propylcarbonyl group, cyclobutylcarbonyl group, group consisting of 5<2-fluoro-a-propionylbenzyl>2- 
or a substituted cyclopropylcarbonyl or cy- 60 oxo^^S^JJa-hexahydrothieno^^^pyridme and its 
clobutylcarbonyl group which is substituted by at tautomer and pharmaceutically acceptable salts thereof, 
least one fluorine atom; and 38. The compound of claim I, selected from the 

R* represents a hydrogen atom, a hydroxy group, a group consisting of 5-{a-cyclopropylcarbonyl-2- 
pivaloyloxymethoxy group, an alkanoyloxy group fluorobenzyl)-2-oxo-2,4,5,6,7,7a-hexahydrothieno[3,2- 
having from 2 to 6 carbon atoms or an alkoxycar- 65 c]pyridine and its tautomer and pharmaceutically ac- 
bonyloxy group having from 2 to 5 carbon atoms. ceptable salts thereof. 

23. The compound of claim 22, wherein n is from I to 39. The compound of claim 1, selected from the 
3 b group consisting of 2-acetoxy-5-(2-chloro-a-cyck>- 
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propylcarbony!benzyl)-4 t 5 p 6,7-tetrahydrothieno[3 T 2- 
cjpyridine and pharmaceutical^ acceptable salts 
thereof. 

40. The compound of claim 1, selected from the 
group consisting of 5-[a-(2-fluorocyclopropylcarbonyl- 5 
2-fluorobenzyl]-2-oxo-2 l 4,5,6,7,7a-hexahydro- 
thieno[3,2rc]pyridine and its tautomer and pharmaceuti- 
cally acceptable salts thereof. 

41* The compound of claim 1, selected from the 
group consisting of 2-acetoxy-5-[a-(2-fluorocycIo- 10 
propylcarbonyl-2-fluorobenzyl]-4,5,6,7-tetrahydro- 
lhieno[3,2-c]pyridine and pharmaceutical^ acceptable 
salts thereof. 

42. A pharmaceutical composition for the treatment 
and prophylaxis of thrombosis o embolisms, comprising 15 
an effective amount of a blood platelet aggregation 
inhibitor in admixture with a pharmaceutically accept- 
able carrier or diluent, wherein said inhibitor is at least 
one compound of formula (I), or a tautomer or pharma- 
ceutically acceptable salt thereof, as claimed in claim 1. 20 

43. The composition of claim 42, wherein; 

R 1 represents a hydrogen atom, an alkyl group hav- 
ing from 1 to 4 carbon atoms, a halogen atom, a 
fluoroalkyl group having from 1 to 4 carbon atoms 
and at least one fluorine atom, a hydroxy group, an 25 
alkoxy group having from 1 to 4 carbon atoms, a 
fluoroalkoxy group having from 1 to 4 carbon 
atoms and at least one fluorine atom, an alkylthio 
group having from 1 to 4 carbon atoms, a fluoroal- 
kylthio. group having from 1 to 4 carbon atoms and 
at least one fluorine atom, an amino group, an al- 
kanoyl group having from 1 to 5 carbon atoms, a 
fluoroalkanoyl group having from 2 to 5 carbon 
atoms and at least one fluorine atom, an alkoxycar- 
bonyl group having from 2 to 5 carbon atoms, a 
carbamoyl group, a cyano group, a nitro group, an 
alkanesulfonyl group having from 1 to 4 carbon 
atoms, a fluoroalkanesulfonyl group having from 1 
to 4 carbon atoms and at least one fluorine atom, or 
a sulfamoyl group; 

R 2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one substituent selected from the 
group consisting of substituents A', defined below, 45 
a cycloalkylcarbonyl group having from 4 to 7 
carbon atoms, a substituted cycloalkylcarbonyl 
group which has from 4 to 7 carbon atoms and 
which is substituted by at least one substituent 
selected from the group consisting of substituents 50 
A', defined below, or a substituted benzoyl group 
having at least one fluorine substituent, or a; 
represents a hydrogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, an 
alkoxymethoxy group in which the alkoxy part has 55 
from 1 to 4 carbon atoms, an alkanoyloxymethoxy 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyloxy group which is unsub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 60 
D'» defined below, an alkanoyloxy group having 
from 1 to 18 carbon atoms, an alkenoyloxy group 
having 3 or 4 carbon atoms, a cycloalkylcar- 
bonyloxy group having from 4 to 7 carbon atoms, 
a benzoyloxy group which is unsubstituted or is 65 
substituted by at least one substituent selected from 
the group consisting of substituents D', defined 
below, an alkoxycarbonyloxy group having from 2 
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to 5 carbon atoms, a benzyloxycarbonyloxy group 
which is unsubstituted or is substituted by at least 
one substituent selected from the group consisting 
of substituents D', defined below, a phthalidyloxy 
group, a (5-methyI-2-oxo-l,3-dioxolen-4-yl)me- 
thoxy group, a (5-phenyl-2-oxo-l,3-dioxolen-4- 
yl)methoxy group, a group of formula — NR a R* 
wherein R* and R*are independently selected from 
the group consisting of hydrogen atoms, methyl 
groups and ethyl groups or R fl represents a hy- 
drogen atom and R* represents an alkanoylox- 
ymethyl group in which the alkanoyl part has 
from 1 to 5 carbon atoms, 
a benzylamino group, an alkanoylamino group 
having from I to 18 carbon atoms, an al- 
kenoylamino group having 3 or 4 carbon atoms, a 
cycloalkylcarbonylamino group having 6 or 7 car- 
bon atoms, a benzoylamino group which is unsub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 
D', defined below, an alkoxycarbonylamino group 
having from 2 to 5 carbon atoms or a benzylox- 
ycarbonylamino group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D\ defined 
below; 

said substituents A' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, hydroxy 
groups, methoxy groups, ethoxy groups and cyano 
groups; and 

said substituents D' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, methyl 
groups and methoxy groups. 

44. The composition of claim 42, wherein: 

R 1 represents a hydrogen atom, a methyl group, an 
ethyl group, a halogen atom, a methyl group substi- 
tuted by at least one fluorine atom, a hydroxy 
group, a methoxy group, an ethoxy group, a me- 
thoxy group substituted by at least one fluorine 
atom, a methylthio group, a methylthio group sub- 
stituted by at least one fluorine atom, a formyl 
group, an acetyl group, an acetyl group substituted 
by at least one fluorine atom, an alkoxycarbonyl 
group having from 2 to 4 carbon atoms, a carbam- 
oyl group, a cyano group, a nitro group, a me- 
thanesulfony) group, an ethanesulfonyl group, a 
methanesulfonyl group substituted by at least one 
fluorine atom, or a sulfamoyl group; 

R2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one fluorine atom, a cycloalkylcar- 
bonyl group having from 4 to 7 carbon atoms, or a 
substituted cycloalkylcarbonyl group which is sub- 
stituted by at least one fluorine atom; and 

R 3 represents a hydrogen atom, a hydroxy group, a 
methoxy group, an ethoxy group, a t-butoxy group, 
a methoxymethoxy group, an alkanoyloxymethoxy 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyloxy group, an alkanoyloxy 
group having from I to 12 carbon atoms, an al- 
kenoyloxy group having 3 or 4 carbon atoms, a 
cycloalkylcarbonyloxy group having from 4 to 7 
carbon atoms, a benzoyloxy group, an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms, 
a benzyloxycarbonyloxy group, a phthalidyloxy 
group, a (5-methyl-2-oxo-l,3-dioxoIen-4-yl)me- 
thoxy group, a (5-phenyI-2-oxo- 1, 3»dioxolen-4- 
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yl)methoxy group, an amino group or a t-butox- 
ycarbonylamino group, 
Y represents an oxygen or sulfur atom. 

45. The composition of claim 42, wherein: 
R 1 represents a halogen atom, a trifluoromethyl 

group, a hydroxy group, a difiuoromethoxy group, 
a trifluoromethoxy group, a difluoromethylthio 
group, a trifluoromethyl thio group, a formyl 
group, an acetyl group, a trifluoroacetyl group, a 
cyano group or a nitro group; 
represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one fluorine atom, a cycloalkylcar- 
bonyl group having from 4 to 7 carbon atoms, or a 
substituted cycloalkylcarbonyl group which is sub- 
stituted by at least one fluorine atom; and 
R 3 represents a hydrogen atom, a hydroxy group, a 
pivaloyloxymethoxy group, an alkanoyloxy group 
having from 2 to 10 carbon atoms, an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms 
or a (5-methyl-2-oxo- l,3-dioxoIen-4-yI)methoxy 
group; 

46. The composition of claim 42, wherein: 
R 1 represents a fluorine or chlorine atom; 
R 2 represents an acetyl group, a propionyl group, a 

substituted acetyl or propionyl group which is 
substituted by at least one fluorine atom, a cyclo- 
propylcarbonyl group, cyclobutylcarbonyl group, 
or a substituted cyclopropylcarbonyl or cy- 30 
clobutylcarbonyl group which is substituted by at 
least one fluorine atom; and 
R 3 represents a hydrogen atom, a hydroxy group, a 
pivaloyloxymethoxy group, an alkanoyloxy group 
having from 2 to 6 carbon atoms or an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms. 

47. The composition of claim 42, wherein said blood 
platelet aggregation inhibitor is selected from the group 
consisting of: 

5-(2-fluoro-a-propionylbenzyl)4,5,6,7-tetrahydro- 

thieno [3,2-c]pyridine; 
5-(Q>cyclopropylcarbonyl-2-fluorobenzyl)-4,5,6,7- 

tetrahydrothieno[3,2-c]pyridine; 
5-(2-chIoro-a-cyclopropylcarbonylbenzyl>4,5,6,7- 

tetrahydrothieno[3,2-c]pyridine; 
2-acetoxy-5-(o>cycIopropylcarbonyl*2-fluoroben- 

zyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridme; 
5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-2-pro- 

pionyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine; 
2-butyryloxy-5-(a-cyclopropylcarbonyl-2-fluoroben- 

zylH^^J-tetrahydrothienop^-cJpyridine; 
5-(a-cyclopropylcarbonyI-2-fluorobenzyl)-2- 

pivaloyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyri- 

dine; 

5-(a-cyclopropylcarbonyl-2-fluorobenzyl>2- 
va]eryIoxyA5,6,7-tetrahydrotm^no[3,2-c]pyri- 
dine; 

5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-2'hex- 
anoyloxy^S^J-tetrahydrothienotS^-clpyridine; 

2-t-butoxycarbonyloxy-5-{a-cyc|opropylcarbonyl-2- 
fluorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyri- 
dine; 

5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-2- 
pivaloyloxymethoxy-^ej-tetrahydrothienol^- 
c]pyridine; 

5-(2-chloro-a-cyclopropylcarbony]benzyl)-2-oxo* 
2,4,5,6,7,7a-hexahydrothieno[3,2-c]pyridine and its 
tautomer; 
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5-(2-fluoro-a-propionylbcnzyl)-2-oxo-2,4,5,6 l 7,7a- 
hexahydrothieno[3,2~c]pyridine and its tautomer; 

5-{ct-cyclopropylcarbonyI-2-iluorobenzyl)-2-oxo- 
2,4,5,6,7 J 7a-hexahydrothieno[3,2-c]pyridine and its 
tautomer; 

2>acetoxy-5-(2-chloro-a-cyclopropylcarbonylben- 

zylH,5,6,7-tetrahydrothieno[3,2^]pyridine; 
5[a-(2-fluorocyclopropylcarbonyI-2-fluorobenzyl]-2- 

oxo-2,4,5A7,7a-hexahydrothieno[3,2-c]pyridine 

and its tautomer; 
2-acetoxy-5-[a-(2-fluorocyclopropyIcarbonyl-2- 

fluorobenzylH^^J-tetrahydrothienop^lpyri- 

dine; 

and pharmaceutically acceptable salts thereof. 

48. A method for the treatment or prophylaxis of 
thrombosis or embolisms, comprising administering to a 
mammal an effective amount of a blood platelet aggre- 
gation inhibitor, wherein said inhibitor is at least one 
compound of formula (I), or a tautomer or pharmaceuti- 
cally acceptable salt thereof, as claimed in claim 1. 

49. The method of claim 4&, wherein: 

R 1 represents a hydrogen atom, an alkyl group hav- 
ing from 1 to 4 carbon atoms, a halogen atom, a 
fluoroalkyl group having from 1 to 4 carbon atoms 
and at least one fluorine atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, a 
fluoroalkoxy group having from 1 to 4 carbon 
atoms and at least one fluorine atom, an alkylthio 
group having from I to 4 carbon atoms, a fluoroal- 
kylthio group having from 1 to 4 carbon atoms and 
at least one fluorine atom, an amino group, an al- 
kanoyl group having from 1 to 5 carbon atoms, a 
fluoroalkanoyl group having from 2 to 5 carbon 
atoms and at least one fluorine atom, an alkoxycar- 
bonyl group having from 2 to 5 carbon atoms, a 
carbamoyl group, a cyano group, a nitro group, an 
alkanesulfonyl group having from 1 to 4 carbon 
atoms, a fluoroalkanesulfonyl group having from 1 
to 4 carbon atoms and at least one fluorine atom, or 
a sulfamoyl group; 

R 2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one substituent selected from the 
group consisting of substituents A', defined below, 
a cycloalkylcarbonyl group having from 4 to 7 
carbon atoms, a substituted cycloalkylcarbonyl 
group which has from 4 to 7 carbon atoms and 
which is substituted by at least one substituent 
selected from the group consisting of substituents 
A', defined below, of a substituted benzoyl group 
having at least one fluorine substituent; 

R 3 represents a hydrogen atom, a hydroxy group, an 
alkoxy group having from 1 to 4 carbon atoms, an 
alkoxymethoxy group in which the alkoxy part has 
from 1 to 4 carbon atoms, an alkanoyloxymethoxy 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyloxy group which is unsub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 
D', defined below, an alkanoyloxy group having 
from 1 to 18 carbon atoms, an alkenoyloxy group 
having 3 or 4 carbon atoms, a cycloalkylcar- 
bonyloxy group having from 4 to 7 carbon atoms, 
a benzoylpxy group which is unsubstituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D', defined 
below, an alkoxycarbonyloxy group having from 2 
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to 5 carbon atoms, a benzyloxycarbonyloxy group 
which is unsubstituted or is substituted by at least 
one substituent selected from the group consisting 
of substituents D', defined below, a phlbaKdyloxy 
group, a (5-methyl-2-oxo-l ,3-dioxolen-4-yl)me- 
thoxy group, a (5-phenyl-2«oxo-l,3-dioxolcn-4- 
yl)methoxy group, a group of formula — NR fl R* 
wherein R fl and R* are independently selected from 
~ the group consisting of hydrogen atoms, methyl 
groups and ethyl groups or R tf represents a hy- 
drogen atom and R* represents an alkanoylox- 
ym ethyl group in which the alkanoyl part has 
from 1 to 5 carbon atoms, 
a benzylamino group, an alkanoylambio group 
having from 1 to 18 carbon atoms, an al- 15 
kenoylamino group having 3 or 4 carbon atoms, a 
cycloalkylcarbonylamino group having 6 or 7 car- 
bon atoms, a berizoylamino group which is unsub- 
stituted or is substituted by at least one substituent 
selected from the group consisting of substituents 20 
D', defined below, an alkoxycarbonylamino group 
having from 2 to 5 carbon atoms or a benzylox- 
ycarbooylamino group which is unsubslituted or is 
substituted by at least one substituent selected from 
the group consisting of substituents D\ defined 25 
below; 

said substituents A' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, hydroxy 
groups, methoxy groups, ethoxy groups and cyano 
groups; and 

said substituents D' are selected from the group con- 
sisting of fluorine atoms, chlorine atoms, methyl 
groups and methoxy groups. 

50. The method of claim 48, wherein: 

R 1 represents a hydrogen atom, a methyl group, an 
ethyl group, a halogen atom, a methyl group substi- 
tuted by at least one fluorine atom, a hydroxy 
group, a methoxy group, an ethoxy group, a me- 
thoxy group substituted by at least one fluorine 
atom, a methylthio group, a methylthio group sub- 
stituted by at least one fluorine atom, a formyl 
group, an acetyl group, an acetyl group substituted 
by at least one fluorine atom, an alkoxycarbonyl 
group having from 2 to 4 carbon atoms, a carbam- 
oyl group, a cyano group, a nitro group, a me- 
thanesulfonyl group, an ethanesulfonyl group, a 
methanesulfonyl group substituted by at least one 
fluorine atom, or a sulfamoyl group; 

R 2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 5( > 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one fluorine atom, a cycloalkylcar- 
bonyl group having from 4 to 7 carbon atoms, or a 
substituted cycloalkylcarbonyl group which is sub- 
stituted by at least one fluorine atom; and 

R 3 represents a hydrogen atom, a hydroxy group, a 
methoxy group, an ethoxy group, a t-butoxy group, 
a methoxymethoxy group, an alkanoyloxymethoxy 
group in which the alkanoyl part has from 1 to 5 
carbon atoms, a benzyJoxy group, an alkanoyloxy 60 
group having from 1 to 12 carbon atoms, an al- 
kenoyloxy group having 3 or 4 carbon atoms, a 
cycloalkylcarbonyloxy group having from to 7 
carbon atoms, a benzoyloxy group, an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms, 
a benzyloxycarbonyloxy group, a phthalidyloxy 
group, a (5-methyl-2-oxo-l,3-dioxolen-4«yl)me- 
thoxy group, a (5-phenyl-2-oxo-l,3-dioxolen : 4- 
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yl)methoxy group, an amino group or a t-butox- 
ycarbonylamino group. 

51. The method of claim 48, wherein: 

R 1 represents a halogen atom, a trifluoromethyl 
group, a hydroxy group, a difluoromethoxy group, 
a trifluoromethoxy group, a difluoromethylthio 
group, a trifluoromethylthio group, a formyl 
group, an acetyl group, a trifluoroacetyl group, a 
cyano group or a nitro group; 

R 2 represents an alkanoyl group having from 2 to 6 
carbon atoms, a substituted alkanoyl group which 
has from 2 to 6 carbon atoms and which is substi- 
tuted by at least one fluorine atom, a cycloalkylcar- 
bonyl group having from 4 to 7 carbon atoms, or a 
substituted cycloalkylcarbonyl group which is sub- 
stituted by at least one fluorine atom; and 

R3 represents a hydrogen atom, a hydroxy group, a 
pivaloyloxymethoxy group, an alkanoyloxy group 
having from 2 to 10 carbon atoms, an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms 
or a (5-melhyl-2-oxo-l ,3-dioxoIen-4-yl)methoxy 
group, 

52. The method of claim 48, wherein: 
R 1 represents a fluorine or chlorine atom; 

R 2 represents an acetyl group, a propionyl group, a 
substituted acetyl or propionyl group which is 
substituted by at least one fluorine atom, a cyclo- 
propylcarbonyl group, cyclobutylcarbonyl group, 
or a substituted cyclopropylcarbonyl or cy- 
clobutylcarbonyl group which is substituted by at 
least one fluorine atom; 

R 3 represents a hydrogen atom, a hydroxy group, a 
pivaloyloxymethoxy group, an alkanoyloxy group 
having from 2 to 6 carbon atoms or an alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms; 
and 

Y represents a sulfur atom. 

53. The method of claim 48, wherein said blood plate- 
let aggregation inhibitor is selected from the group 
consisting of: 

5-(2-fluoro-a-propionylbenzyI)-4,5,6,7-tetrahydro- 

thieno[3,2-c]pyridine; 
5-(a-cyclopropylcarbonyl-2-fluorobenzyl>4»5,6,7- 

tetrahydrothieno[3,2-c]pyridine; 
5-(2-chloro-a-cyclopropylcarbonylbenzyI)-4,5,6,7- 

tetrahydrothieno[3,2-c]pyridinc; 
2-acetoxy-5-(a-cyclopropyIcarbonyl-2-fluoroben- 

zyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine; 
5-(a-cyclopropylcarbonyl-2-fluorobenzyI)-2-pro- 

pionyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine; 
2-butyryloxy-5-(a-cyclopropylcarbonyl-2-fluoroben- 

zyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine; 
5-(a-cyclopropylcarbonyl-2-fluorobenzyl)-2- 

pivaloyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyri- 

dine; 

5-(a-cyclopropylcarbony!-2-fluorobenzyl)-2- 
valeryloxyAS^J-tetrahydrothieno^-clpyri- 
dine; 

5-(a-cyclopropyJcarbonyl-2-fluorobenzyI)-2-hex- 
anoyloxy-4,5,6,7-tetrahydrothieno[3,2-c]pyridine; 

2-t-butoxycarbonyloxy-5-(a-cyclopropylcarbonyl-2- 
fluorobenzyO^^^J^tetrahydrothienoP^-clpyri- 
dine; 

5-(a-cyclopropylcarbonyl-2-fluorobenzyl>2- 
ptvaloyloxymethoxy-4,5,6,7-tetrahydrothieno[3,2- 
cjpyridine; 
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5-(2-chloro-a-cyclopropylcarbony]benzyl)-2-oxo- 
2,4,5A7/?a-hexahydrothieno[3,2<]pyridine and its 
tautomer; 

S^fluoro-a-propionylbenzyO^-oxo-^^^J^a- 5 
hexahydrothienoI3,2-c]pyridine and its tautomer; 

5-(a*yclopropylcarbonyl-2-fluorobenzyl)-2-oxo- 
2,4,5,6, 7,7a-hexahydrothieno[3,2-c]pyridme and its 
tautomer; 

2-acctoxy ' -5<2-chloro-a-cyclopropylcarbonylben- 
zyiH,5,6,7-tetrahydrothieno[3,2^pyridine; 

5-[a-(2-fluorocyclopropylcarbonyl-2-fluorobenzyl]- 
2-oxo*2,4,5»6JJa-hexahydrothieno[3,2-c]pyridine 
and its tautomer; 15 

2-acetoxy-5-[a-(2-fluorocycIopropylcarbonyl-2- 
fluorobenzyll^S^J-tetrahydrothienoP^-clpyri- 
dine; 

and phannaceutically acceptable salts thereof. 20 
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54. The compound of claim 1, wherein R 1 represents 
a fluorine atom, 

55. The compound of claim 1, wherein R 1 represents 
a chlorine atom. 

56. The compound of claim 1, wherein 
R 1 represents a fluorine atom; 

R 2 represents an acetyl group, a propionyl group, a 
substituted acetyl or propionyl group which is 
substituted by at least one fluorine atom, a cyclo- 
propylcarbonyl group, cyclobutylcarbonyl group, 
or a substituted cyclopropylcarbonyl or cy- 
clobutylcarbonyl group which is substituted by at 
least one fluorine atom; 

R 3 represents a hydrogen atom, a hydroxy group, a 
privaloyloxymethoxy group, an alkanoyloxy group 
having from 2 to 6 carbon atoms or ah alkoxycar- 
bonyloxy group having from 2 to 5 carbon atoms; 
and 

Y represents a sulfur atom. 
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Platelets and Stent Thrombosis 

Platelet Reactivity in Patients 

and Recurrent Events Post- S tenting 

Results of the PREPARE POST-STENTING Study 

Paul A. Gurbel, MD * Kevin P. Bliden, BS,* Kirk Guyer, BS,t Peter W. Cho, MD,t Kazi A, Zaman, MD,* 
Rolf P. Kreutz, MD,* Ashwani K. Bassi, MD,* Udaya S. Tantry, PhD* 
Baltimore j Maryland; and South Bend, Indiana 

OBJECTIVES Wc investigated the relation of high ex vivo platelet reactivity, rapid fibrin generation, and 

high thrombin-induced clot strength to postdischarge ischemic events in patients undergoing 

percutaneous coronary intervention (PCI). 
BACKGROUND High platelet reactivity and rapid fibrin generation may affect the incidence of ischemic events 

after PCI. However, limited data is available to link these ex vivo markers to the occurrence 

of events. 

METHODS We measured platelet reactivity to adenosine diphosphate (ADP) by light transmittance 
aggregometry (LTA) in patients undergoing PCI (n = 192). Clot strength, a measure of 
thrombin-induced fibrin and platelet interactions, and the time to initial fibrin generation, a 
marker of thrombin activity, were measured by thrombelastography. The relation of these 
measurements to ischemic event occurrence was prospectively examined over six months. 

RESULTS A total of 100% and 84% of patients were on aspirin and clopidogrel therapy, respectively, at 

the time of the initial event. Posttreatment ADP-induced aggregation by LTA (63 ± 12% vs. 
56 ± 15%, p = 0.02) and clot strength (MA) were higher (74 ± 5 mm vs. 65 ± 4 mm, 
p < 0.001) and time to initial fibrin generation was shorter (4.3 ±1.3 min vs. 5.9 ± 1.5 min, 
p < 0.001) in patients with events (n — 38). The event rates in the highest quartiles of LTA 
and MA were 32% and 58%, respectively. 

CONCLUSIONS High platelet reactivity and clot strength, and rapid fibrin formation arc novel risk factors for 
ischemic events after PCL Clot strength is more predictive than ADP-induced platelet 
aggregation and may explain the occurrence of events despite treatment with 
cyclooxygenase-1 and P2Y 12 inhibitors. (J Am Coll Cardiol 2005;46:1820-6) © 2005 by 
the American College of Cardiology Foundation 



Platelet aggregation and activation mediated by various 
agonists play fundamental roles in the development of 
ischemia in patients with coronary artery diseases (1). 
Activated platelets mediate vessel wall inflammation, and 
generation of thrombin and platelet-platelet aggregates 
mechanically obstruct the vessel lumen (2). These funda- 
mental properties served as the rationale for the evaluation 
of dual antiplatelet therapy in two major clinical trials (3,4). 
The Clopidogrel for the Reduction of Events During 
Observation (CREDO) and Percutaneous Coronary 
Intervention-Clopidogrel in Unstable angina to prevent 
Recurrent ischemic Events (PCI-CURE) studies clearly 
demonstrated the beneficial effects of dual antiplatelet ther- 
apy after percutaneous coronary intervention in patients 
with unstable coronary artery syndromes and provided 
strong support for the clinical significance of platelet inhi- 
bition. However, recurrent ischemic events occurred in 8.5% 
to 8.8% of patients despite dual antiplatelet therapy (3,4). 
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Because ischemic events are strongly influenced by 
platelet-mediated events, it is logical to hypothesize that 
patients suffering these events will have greater ex vivo 
platelet reactivity than those without events despite the use 
of antiplatelet drugs (5). A major reason for the lack of data 
correlating individual platelet function to the occurrence of 
ischemic events is the tedious nature, labor, and expense of 
serial testing with conventional laboratory assays (6). Aden- 
osine diphosphate (ADP), thromboxane A2, and thrombin 
are important in vivo platelet agonists (1). Among patients 
undergoing percutaneous coronary intervention (PCI), pa- 
tients with high platelet reactivity to low concentration 
ADP and lowest inhibition of ADP-induced platelet 
aggregation had the greatest incidence of ischemic events 
after the procedure (7,8). In addition, the physical 
properties of the clot and the kinetics of thrombin- 
dependent fibrin generation may affect the occurrence of 
ischemic events. We hypothesized that high ex vivo 
platelet reactivity, rapid fibrin generation, and high 
thrombin-induced clot strength (MA) as measured by the 
Thrombelastograph (TEG) Hemostasis Analyzer (Hae- 
moscope Corporation, Niles, Illinois) were risk factors 
for postdischarge ischemic events in patients undergoing 
PCI (9-12). 
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Abbreviations and Acronyms 

ADP = adenosine diphosphate 

GP — glycoprotein 

LTA = light transmittance aggregometry 

MA - clot strength 

PCI = percutaneous coronary intervention 

PPP = platelet-poor plasma 

PRP = platelet-rich plasma 

R = reaction time 

ROC = receiver operator curve 

TEG = thrombelastograph 

TVR = target vessel revascularization 



METHODS 

Patients. The Investigational Review Board at Sinai Hos- 
pital of Baltimore approved this study. Consecutive patients 
undergoing nonemergent coronary stenting provided in- 
formed consent before the procedure. Study inclusion re- 
quired that patients had to undergo percutaneous revascu- 
larization and be discharged from the hospital. Patients who 
provided informed consent but received coronary bypass 
surgery for revascularization were excluded. All patients 
were >18 years old. Other exclusion criteria were a history 
of bleeding diathesis, acute myocardial infarction within 
48 h, elevated cardiac markers (above upper limits normal 
for the respective assay), cerebrovascular event within 3 
months, chronic vessel occlusion or angiographically visible 
thrombus, illicit drug or alcohol abuse, prothrombin time 
greater than 1.5X control, platelet count <100,000/mm 3 , 
hematocrit <30%, creatinine >4.0 mg/dl, and glycoprotein 
(GP) Ilb/IIIa inhibitor use before the procedure. 

A total of 135 patients received a loading dose of 
clopidogrel (300 mg [n - 75], 600 mg [n = 60]) in the 
catheterization laboratory immediately after successful 
stenting. Patients on a maintenance dose of clopidogrel at 
the time of admission (n = 57) did not receive a loading 
dose. A GP Ilb/IIIa inhibitor (eptifibatide, n = 92) was 
administered at the discretion of the treating physician. 
Patients not treated with GP Ilb/IIIa inhibitors received 
unfractionated heparin to achieve an activated clotting time 



^300 s, and patients treated with a GP Ilb/IIIa inhibitor 
achieved an activated clotting time of 200 s to 250 s. Aspirin 
was administered at a 81- to 325-mg daily dose for seven 
days before the procedure, and 325 mg was administered on 
the day of the procedure and daily thereafter. The mainte- 
nance dose of clopidogrel was 75 mg daily. 
Blood sampling. Pretreatment blood samples were ob- 
tained in the catheterization laboratory before GP Ilb/IIIa 
inhibitor or heparin administration through the indwelling 
femoral vessel sheath and transferred to vacutainer blood 
collecting tubes (Becton-Dickinson, Franklin Lakes, New 
Jersey) containing 3.8% trisodium citrate (for light trans- 
mittance aggregometry [LTA]) or 40 USP Uthium heparin 
(for TEG assay) after discarding the first 2 to 3 ml of free 
flowing blood. The vacutainer tube was filled to capacity 
and gently inverted three to five times to ensure complete 
mixing of the anticoagulant. Blood samples were obtained at 
least 18 h after cessation of therapy in patients treated with 
a GP Ilb/IIIa inhibitor. In the remaining patients, the 
discharge blood samples were obtained at least 24 h 
postprocedure. 

LTA. Platelet aggregation was assessed as described previ- 
ously (13). Briefly, the blood-citrate tubes were centrifuged 
at 120 g for 5 min to recover platelet-rich plasma (PRP) and 
further centrifuged at 850 g for 10 min to recover platelet- 
poor plasma (PPP). The PRP and PPP were stored at room 
temperature to be used within 2 h. Platelets were stimulated 
with 20 jliM ADP, and the aggregation was assessed using 
a Chronolog Lumi-Aggregometer (Model 490-4D) with 
the Aggro/Link software package (Chronolog, Havertown, 
Pennsylvania). Aggregation was expressed as the maximum 
percent change in light transmittance from baseline, using 
PPP as a reference. 

MA and fibrin generation time. The TEG Hemostasis 
Analyzer with automated analytical software provides quanti- 
tative and qualitative measurements of the physical properties 
of a clot (9—11). In essence, the TEG is a viscoelastic monitor 
that measures the degree of platelet-fibrin-mediated MA. 
Fibrin strands in the blood sample link a rotating sample cup 
with a stationary pin suspended by a torsion wire (Fig. 1). The 
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Figure 1. Schematic of thrombelastograph system: a torsion wire suspending a pin that is immersed in blood. As the clot forms while the cup is rotated 
45\ the pin will rotate depending on the strength of the fibrin-platelet bonds. Signal is discharged continuously that reflects the onset of clotting (reaction 
time [R]) and the clot strength (MA). 



Downloaded from contentonlinejaccorg by on August 2, 201 1 



1322 Gurbel etai 

Platelet Reactivity and Ischemic Events 



JACC VoL 46, No. 10, 2005 
November 15,2005:1820-6 



Table 1. Patient Demographics 





Patients With 
Ischemic Events 
(n = 38) 


Patients Without 
Ischemic Events 
(n = 154) 


p 

Value 


Age (yrs) 


59 ± 10 


62 ± 12 


NS 


Race (Caucasian) (%) 


68 


57 


NS 


Gender (male) (%) 


42 


60 


0.05 


BMI (kg/m 2 ) 


31 ± 7 


30 ± 7 


NS 


Risk factors/past medical history (%) 








Smoking 


39 


45 


NS 


Family history of CAD 


47 


32 


NS 


Hypertension 


81 


63 


0.04 


Hyperlipidemia 


92 


57 


0.001 


Diabetes 


50 


40 


NS 


Prior myocardial infarction 


24 


40 


NS 


Prior CABG 


18 


26 


NS 


Prior PTCA 


42 


39 


TVTC 

NS 


Pretreatment medications (%) 








Beta-blockers 


90 


81 


NS 


ACE inhibitors 


74 


61 


NS 


Calcium-channel blockers 


zl 


22 


IN j 


Lipid -lowering agents 








3A4 pathway metabolized 


74 


61 


NS 


Non-3A4 pathway metabolized 


18 


24 


NS 


Laboratory data 








WBC (X 1,000/mm 3 ) 


7.3 ± 2.3 


7,6 ± 2.4 


NS 


Platelets (X 1,000/mm 3 ) 


244 ± 79 


222 ± 66 


NS 


Hemoglobin (g/dl) 


12.7 ± 2.3 


13.3 ± 1.8 


NS 


Creatinine (g/dl) 


1.1 ± 0.6 


1.1 ± 0.8 


NS 



ACE = angiotensin -converting enzyme; BMI = body mass index; CABG : 
coronary artery disease; PTCA = percutaneous coronary angioplasty; WBC : 



3A4. 

torque of the rotating cup is transmitted to the immersed pin. 
Pin movement is converted to an electrical signal by a trans- 
ducer and is interpreted by the computer to create a tracing. 
The degree of platelet contribution to the MA through 
platelet-fibrin bonding direcdy influences the magnitude of pin 

Table 2. Procedural Characteristics 



coronary artery bypass graft surgery; CAD = 
; white blood cells; 3A4 = hepatic cytochrome 



movement and ultimately the amplitude of the tracing. In 
the present study, the . maximum amplitude of the 
thrombin-generated clot (MA) (mm) and the time from 
the start of the sample run to the first significant levels of 
clot formation (reaction time [R]) (min) were measured (Fig. 





Patients With 
Ischemic Events 
(n = 38) 


Patients Without 
Ischemic Events 
(n = 154) 


P 

Value 


Length of procedure (min) 


55 ±22 


62 ±34 


NS 


Ejection fraction (%) 


48 ± 9 


52 ±9 


NS 


Number of vessels treated 


1.3 ± 0.5 


1.3 ± 0.6 


NS 


Lesion morphology 








De novo (%) 


87 


89 


NS 


Culprit lesion location (%) 








LAD 


40 


38 


NS 


CX 


21 


25 


NS 


RCA 


34 


30 


NS 


SVG 


5 


7 


NS 


Stent types (%) 








Drug-eluting 


75 


68 


NS 


Bare-metal 


18 


29 


NS 


PTCA only 


7 


3 


NS 


Reference vessel diameter (mm) 


3.0 ± 0.4 


3.0 ± 0.5 


NS 


Total lesion length (mm) 


21.9 ± 10.1 


19.0 ± 12.2 


NS 


Prestenosis (%) 


86 


84 


NS 


Poststenosis (%) 


5 


5 


NS 


Procedural success (%) 


95 


96 


NS 



CX = circumflex artery; LAD = left anterior descending artery; PTCA = percutaneous transluminal coronary angioplasty; RCA 
= right coronary artery; SVG = saphenous vein graft. 
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Number of Days 

Figure 2. Graph demonstrating the time of occurrence of the first ischemic 
event. 

1), The R parameter, a measure of initial thrombin-generated 
fibrin formation, has been correlated -with the velocity of 
thrombin generation (9), 

Blood was analyzed according to the manufacturer's 
instructions; 1 ml of heparinized blood was transferred to a 
vial containing kaolin and mixed by inversion; 500 }A of the 
activated blood was then transferred to a vial containing 
heparinase and mixed to neutralize the heparin. The neu- 
tralized blood (360 /xl) was immediately added to a 
heparinase-coated cup and assayed in the TEG analyzer 
according to the manufacturer's instructions to obtain the 
thrombin-induced clot. 

Definitions and clinical outcomes* Patients were con- 
tacted by telephone at the end of one month and six months 
to determine the occurrence of adverse events. Ischemic 
events were defined as the occurrence of death secondary to 
cardiovascular cause, myocardial infarction, unstable angina, 
and stroke that required ^hospitalization. Myocardial in- 
farction was defined as the occurrence of ischemic symp- 
toms and a troponin I value greater than upper limits of 
normal. Unstable angina was defined as the occurrence of 
ischemic symptoms requiring rehospitalization. A physician 
blinded to the study results of the patient diagnosed all end 
points. Patients were divided into two groups based on the 
occurrence of adverse ischemic events. High LTA and MA 
were defined as >7Sth percentile. Low R was defined as 
<25th percentile. 

Statistical analysis. The linear logistic regression model 
was employed to fit the binary data (ischemic event = 1 and 
nonischemic event = 0) while comparing different quartiles. 
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Figure 3, Adenosine-diphosphate- induced post-treatment platelet aggrega- 
tion (20 ptM) measured by light transmittance aggregometiy (LTA) in 
patients without ischemic events and with ischemic events. 

This logistic regression model was fit using SAS procedure 
PROC LOGISTIC (SAS Inc., Cary, North Carolina). The 
model is given by: 

LogWp) = Log{p/ (1 - p)} = p 0 + 0i • QPARTILE_X 

where p = proportion of incidence of ischemic event, and 
QUARTILE_X is a factor with four quartiles of the variable 
X as its four levels. Appropriate pairwise comparisons were 
made using the corresponding contrasts to assess the differ- 
ence between the two levels of the factor with respect to the 
proportion of ischemic events. The three variables (possible 
X) considered here are MA, LTA, and R. 

The multiple linear logistic regression model was em- 
ployed to fit binary data to compare the occurrence of 
difference risk factors in patients with ischemtc events and 
without ischemic events. The logistic regression model was 
fit using SAS procedure PROC LOGISTIC (SAS Inc.). 
Odds ratio were calculated using SAS software, and receiver 
operator curves (ROC) were generated using MedCalc 
Software (Mariakerke, Belgium). Based on the normal 
distribution of data, the mean ± SD is reported except as 
otherwise noted, and p < 0.05 was considered significant. 

RESULTS 

Patients and clinical outcomes. A total of 192 patients 
underwent catheter-based treatment and were analyzed. All 
of the procedures performed were nonemergent; 36 patients 



Table 3. Evaluation of Platelet Function Tests by Light Transmittance Aggregometry and TEG 




Patients With 


Patients Without 


P 




Ischemic Events 


Ischemic Events 


Value 


20 juM ADP-induced pretreatment 


71 ±9 


73 ± 12 


NS 


aggregation (%) 








20 fiM ADP-induced post- treatment 


63 ± 12 


56 ± 16 


0.02 


aggregation (%) 








TEG MA pretreatment (mm) 


72 ±7 


67 ±8 


<0.001 


TEG MA post-treatment (mm) 


74 ±5 


65 ±4 


<0.001 


Reaction time pretreatment (min) 


4.6 ± 2.3 


4.7 ± 2.0 


NS 


Reaction time post- treatment (min) 


4.3 ± 1.3 


5.9 ± 1.5 


<0.001 



ADP = adenosine diphosphate; MA = clot strength; TEG = thrombelastograph. 
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<50 50 -61 62-67 >67 

LTA-Platetet Aggregation Quartifes 

Figure 4. The observed frequency of patients with ischemic events in each 
quartile of light transmittance aggregometry (LTA) values is shown in the 
figure. The p values given in the figure indicate that the proportions of 
ischemic events in the first and the fourth quartiles are significantly 
different, whereas the proportions of ischemic events in the fourth quartile 
are not significantly different from the second or the third quartiles. 

were admitted with unstable angina, and 11 patients had 
non-ST- segment elevation myocardial infarction. The re- 
mainder of the patients had stable angina. The patient 
demographics and procedural characteristics of patients 
with and without ischemic events are shown in Tables 1 and 
2, respectively. There were four in-hospital ischemic events. 
All of these patients had myocardial infarction diagnosed by 
the occurrence of chest pain and increase in troponin I 
greater than upper limits normal. One of these patients had 
stent thrombosis. 

Six-month follow-up data were complete in 191 of 192 
patients. There were 44 events that occurred in 38 patients 
(20%) within six months of discharge (Fig. 2). All events 
occurred during aspirin therapy. Thirty-two patients were 
receiving aspirin and clopidogrel therapy at the time of their 
first event. Within one month after discharge, 20 of 191 
patients (—10%) had events: myocardial infarction involving 
target vessel (n = 2), ischemia requiring revascularization of 
the prior target vessel (TVR) (n = 2 patients), ischemia 
involving a vessel other than the prior target vessel requiring 
revascularization (non-TVR) (n = 6), ischemia requiring 
hospitalization but not revascularization (n = 9), and stroke 
(n = 1). Between one and six months, 18 patients had the 
first occurrence of an event: death (n — 2), ischemia 
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Figure 5, Post-treatment clot strength (MA) measured by thrombelasto- 
graph (TEG) in patients without ischemic events and with ischemic events. 
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Figure 6. Post-treatment reaction time measured by thrombelastograph in 
patients without ischemic events and with ischemic events. 

requiring TVR (n = 6), ischemia requiring non-TVR (n = 
4), and ischemia requiring hospitalization but not revascu- 
larization (n = 6). Six patients had the occurrence of a 
second event between one and six months: coronary artery 
bypass grafting (n = 2)> ischemia requiring TVR (n = 1), 
ischemia requiring non-TVR (n = 1), and ischemia requir- 
ing hospitalization but not revascularization (n = 2). 
Platelet aggregation. A total of 160 patients had platelet 
aggregation measured by LTA, and 192 patients had blood 
samples analyzed by the TEG system (Table 3). Pretreat- 
ment aggregation by LTA was 71 ± 9% in patients with 
ischemic events and 73 ± 12% in patients without ischemic 
events (p = NS). Patients with ischemic events demon- 
strated a higher mean discharge ADP-induced platelet 
aggregation by LTA than patients without ischemic events 
(p = 0.02) (Table 3, Fig, 3), The change in mean platelet 
aggregation between pre- and postprocedure for the event 
group was 8% versus 17% for the group without events (p < 
0.001). The greatest frequency of patients with ischemic 
events was present in the highest quartile of platelet aggre- 
gation (Fig. 4), 

MA and R by TEG. Patients with ischemic events had 
significantly greater pre- and posttreatment MA than pa- 
tients without ischemic events (p < 0.001) (Table 3, Fig. 5). 
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Figure 7. The observed frequency of patients with ischemic events in each 
quartile of clot strength (MA) values is shown in the figure. The p values 
given indicate that the proportion of ischemic events in each of the first 
three quartiles is significantly different from the proportion of ischemic 
events in the fourth quartile (p < 0.001). TEG = thrombelastograph. 
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Figure 8. The observed frequency of patients with ischemic events in each 
quartile of reaction time (R) values is shown in the figure. The p values 
indicate that the proportions of ischemic events in first and the second 
quartiles are not significantly different (p = 0,41) whereas the proportions 
of ischemic events in the first quartile is significantly different from the 
third (p = 0.006) and the fourth quartiles (p = 0.004). TEG = 
thrombelastograph. 

The R did not differ between groups at baseline but was 
significantly shorter in patients with events when measured 
postprocedure (p < 0,001) (Fig, 6). The highest quartile of 
MA and the lowest quartile of thrombin generation time 
were associated with the maximum occurrence of ischemic 
events (Figs, 7 and 8, respectively). 

Patients with ischemic events* The occurrence of risk 
factors (high MA, low R, and high LTA) in patients with 
and without ischemic events, estimates of the parameters of 
the logistic regression model, odds ratios, and 95% confi- 
dence intervals are presented in Table 4. Among the 38 
patients with events, only 4 patients had no risk factors at all 
(11%) as compared to 56% in the nonischemic group (p < 
0.0001). The most prevalent risk factor in patients with 
ischemia was high MA (71%) with odds ratio estimate of 
22.6 (95% confidence interval, 6.20 to 82.60), followed by a 
low R (42%, p = 0.05) with odds ratio estimate of 4.4 (95% 
confidence interval 1.00 to 19.05) and high LTA (35%, p = 
0.21) with odds ratio estimate of 2.7 (95% confidence 
interval 0.56 to 12.96). Only 12% of patients without events 
demonstrated a high MA (p < 0.0001). The combined 
presence of two major risk factors, high MA and low R, in 
the ischemic events group was significantly higher (29%) 
compared to the non-ischemic events group (4%, p < 
0.0001), The presence of all three risk factors was 100% 
predictive of an ischemic event. 
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Figure 9. Combined receiver operator curve for clot strength (Thrombelas- 
tograph [TEG] MA), reaction time (TEG R), and 20 /jlM adenosine- 
diphosphate-induced posttreatment platelet aggregation (light transmit- 
tance aggregometry [LTA]). High TEG MA has 74% sensitivity and 89% 
specificity; low TEG R has 42% sensitivity and 79% specificity, high LTA 
has 37% sensitivity and 79% specificity. 

The combined ROC, sensitivity, and specificity for risk 
factors are shown in Figure 9. A high MA was the most 
specific and sensitive risk factor for the occurrence of 
ischemic events. 

DISCUSSION 

The current study suggests that in addition to high ex vivo 
platelet reactivity to ADP, greater overall MA and rapid 
fibrin generation are novel risk factors for the occurrence of 
post-PCI ischemic events. Greater reactivity to ADP in 
patients with ischemic events was supported by conven- 
tional LTA, the most common measurement reported in 
the literature. Thrombelastograpy has never been used as a 
predictive tool for ischemic events after PCI but has 
predictive value in surgical patients as a method to deter- 
mine etiologies of bleeding (9,10), In the only other study 
that evaluated MA as a risk factor for thrombosis, McCrath 
et al. (11) demonstrated that noncardiac surgical patients 
with ischemic events had a significandy higher MA than 
those without events (—73 vs. —65 mm, respectively). 
These data are concordant with our study. 

A low incidence of ischemic events was observed in 
patients within the lowest quartile of aggregation measured 



Table 4. Observed Frequency (%) of Patients Without Ischemic Events and With Ischemic Events in Risk Factor Groups, Estimates 
of the Parameters of the Logistic Regression Model, Odds Ratio, and 95% Confidence Intervals for the Odds Ratio 

No Risk 





High MA 


Low R 


High LTA 


High MA and Low R 


Factor 


Patients without ischemic events, n (%) 


18 (12%) 


31 (21%) 


30 (20%) 


6(4%) 


83 (56%) 


Patients with ischemic events, n (%) 


27 (71%) 


16 (42%) 


13 (35%) 


11 (29%) 


4(11%) 


Estimate (SE) 


3.12 (0.66) 


1.47 (0.75) 


0.99 (0.80) 


3.64 (0.72) 




p Value 


<0.0001 


0.0498 


0.2129 


<0.0001 




Odds ratio estimate 


22.6 


4.4 


2.7 


38.0 




95% confidence interval for the odds ratio 


6.202-82.604 


1.002-19.051 


0.565-12.964 


9.261-156.245 





LTA - light trnnsmittance aggregometry; MA = clot strength; R = reaction time. 
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by LTA, indicating the influence of successful P2Y 12 
receptor blockade in the prevention of ischemic events. 
Indeed, the decrease in ADP-induced platelet aggregation 
levels after antiplatelet therapy was less pronounced in 
patients with events as compared to patients without events. 
The change in mean platelet aggregation between pre- and 
postprocedure for the event group was 8% versus 17% for 
the group without events (p < 0.001). The near absence of 
events in patients with <50% posttreatment aggregation 
induced by 20 /xM ADP may also suggests a therapeutic 
target for P2Y 12 inhibitors. More importantly, —50% of the 
events occurred in patients with 25th to 75th percentile 
posttreatment platelet reactivity to ADP. This observation 
strongly suggests that agonists other than ADP play a domi- 
nant role in the genesis of ischemic events and that antiplatelet 
therapy directed against P2Y 12 and cyclooxygenase-1 in the 
current dosages is not sufficient to overcome thrombosis in 
selected patients. 

In the current investigation, maximum MA measured by 
the TEG analyzer was the most sensitive and specific 
marker of ischemic risk and supports the central role of 
platelet reactivity to thrombin in recurrent ischemia post- 
PCL A total of 58% of patients in the highest MA quartile 
developed events whereas those in the lowest two quartiles 
(lower quartiles) were nearly free of events. A total of 71% 
of the patients suffering from events were classified in the 
highest quartile of MA, and only 12% of patients without 
events were ranked in the highest quartile. Of these 12%, 
76% had normal R as measured by the TEG analyzer. In 
—40% of cases where the MA was high (>75th percentile), 
and an event occurred, the R was low (<25th percentile). 
When high MA was accompanied by a low R, there was an 
extremely high occurrence of ischemic events (odds ratio 
38.0, p < 0.0001), These findings suggest that rapid 
thrombin generation often accompanies high MA. All of 
our data indicate that high responsiveness to thrombin (high 
MA) and accelerated thrombin generation (low R) are 
important predictive ex vivo measurements. Thus, selected 
patients with average ADP-induced posttreatment aggrega- 
tion but with high MA and/or low R remain at risk for 
events. 

Finally, the R significantly increased after PCI in those 
patients without ischemic events whereas in patients with 
events the mean value decreased. These findings suggest 
that effective clopidogrel therapy may influence thrombin 
generation. It has been reported that clopidogrel reduces 
thrombin generation (14,15). 

Study limitations. Patients were not stratified before clin- 
ical events to different degrees of platelet reactivity or MA. 
It is uncertain whether improvements in the degree of 
platelet reactivity or MA before and after the procedure 
would help an individual patient in reducing their risk of a 
future ischemic event. 

Conclusions. High ex vivo platelet reactivity and rapid 
generation of fibrin are risk factors for the development of 
ischemic events within six months of PCL Moreover, MA, 
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a marker of thrombin-induced platelet-fibrin aggregation, is 
more predictive than platelet reactivity to ADP. These 
findings may explain the occurrence of events despite 
treatment with cyclooxygenase-1 and P2Y 13 inhibitors. 
Furthermore, it suggests the need to address effective 
inhibition of thrombin during and after PCI, Larger scale 
clinical trials are warranted to evaluate these prognostic 
measures and their implementation for therapeutic 
decisions. 
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The addition of clopidogrel to aspirin treatment reduces ischemic events in a wide 
range of patients with cardiovascular disease. However, recurrent ischemic event occurrence 
during dual antiplatelet therapy, including stent thrombosis, remains a major concern. Platelet 
function measurements during clopidogrel treatment demonstrated a variable and overall modest 
level of P2Y 12 inhibition. High on-treatment platelet reactivity to adenosine diphosphate (ADP) 
was observed in selected patients. Multiple studies have now demonstrated a clear association 
between high on-treatment platelet reactivity to ADP measured by multiple methods and adverse 
clinical event occurrence. However, the routine measurement of platelet reactivity has not been 
widely implemented and recommended in the guidelines, Reasons for the latter include: 1) a lack 
of consensus on the optimal method to quantify high on-treatment platelet reactivity and the 
cutoff value associated with clinical risk; and 2) limited data to support that alteration of therapy 
based on platelet function measurements actually improves outcomes. This review provides a 
consensus opinion on the definition of high on-treatment platelet reactivity to ADP based on 
various methods reported in the literature and proposes how this measurement may be used in 
the future care of patients. 
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Platelet activation and aggregation play pivotal pathophys- 
iological roles in the development of ischemic events during 
and after acute coronary syndromes (ACS) and percutane- 
ous coronary interventions (PCIs) (1). Adenosine diphos- 
phate (ADP) is a major secondary agonist released ftom the 
dense granules of platelets activated by primary agonists 
(Fig. 1). The ADP-P2Y 12 receptor interaction plays a 
central role in the sustained activation of glycoprotein (GP) 
Hb/IIla receptors leading to stable platelet-rich thrombus 
generation at the site of vessel wall injury (2). Therefore, 
clopidogrel, whose active metabolite irreversibly inhibits the 
P2Yi2 receptor, is a cornerstone of oral antiplatelet therapy 
in the secondary prevention of coronary artery disease and in 
the immediate treatment of ACS and PCI (3), 

A significant reduction in ischemic complications in a 
wide range of coronary artery disease patients has been 
demonstrated in major randomized controlled trials by 
adding clopidogrel to aspirin treatment (4,5), The fixed 
dose, "one size fits all" treatment strategy with clopidogrel 
therapy, which has been used in clinical trials and recom- 
mended by current guidelines, does not take into account 
the interindividual pharmacodynamic variability of clopi- 
dogrel therapy (4—6). Moreover, despite the relatively 
potent antiplatelet effect of clopidogrel in some patients, 
others will suffer therapeutic failure manifested by ischemic 
events, including stent thrombosis, that have been associ- 
ated with high on-treatment platelet reactivity (7). 

These observations have stimulated intensive research of 
the pharmacodynamic and pharmacokinetic properties of 
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clopidogrel. Studies measuring platelet function in patients 
administered clopidogrel revealed that, unlike aspirin and 
GP Lb/IIIa receptor blocker therapies that are associated 
with a uniform and high level of inhibition (~95%) of their 
targets (COX-1 enzyme and GP Ilb/IIIa receptor, respec- 
tively) with appropriate dosing in particular for GP Ilb/IIIa 
inhibitors, clopidogrel treatment is associated with an over- 
all variable and modest level of P2Y 12 inhibition even when 
high loading doses are used (4,6,8-10). In addition to 
distinct response variability, a substantial percentage of 
patients will also exhibit complete nonresponsiveness (resis- 
tance) to clopidogrel (10), 

Multiple studies now have demonstrated a relationship 
between clopidogrel nonresponsiveness and/or high on- 
treatment platelet reactivity measured by multiple platelet 
assays and adverse clinical ischemic events (7). However, 
due to a lack of consensus on the optimal methods to 
quantify high platelet reactivity and the cutoff values asso- 
ciated with clinical risk, the routine measurement of platelet 
reactivity has not been widely implemented in clinical 
practice nor recommended in the guidelines (11). In addi- 
tion, there are only limited data to support the concept that 
alterations of therapy based on platelet function measure- 
ments improve clinical outcome (7)* 

Herein, we provide a comprehensive overview of the 
available data that have identified high on-tteatment plate- 
let reactivity to ADP as a risk factor for post-PCI ischemic/ 
thrombotic events as well as a consensus opinion on the 
definition of high on-treatment platelet reactivity to ADP 
based on the primary methods reported in the literature. 

Clopidogrel Metabolism 

Clopidogrel is a prodrug that requires hepatic conversion 
into an active metabolite to exert its antiplatelet response* 
Most of absorbed clopidogrel (—85% to 90%) is hydrolyzed 
by carboxylase to an inactive carboxylic acid metabolite, 
SR26334, whereas the remaining —10% to 15% is rapidly 
metabolized by hepatic cytochrome (GYP) P450 isoen- 
zymes in a 2-step process. In the first step, the thiophene 
ring of clopidogrel is oxidized to 2-oxo-clopidogrel, which 
is then hydrolyzed to a highly labile active metabolite, 
R- 130964, that has both carboxylic acid and thiol groups 
(12-14). Recent studies indicate that CYP2C19, CYP1A2, 
and CYP2B6 participate in the first metabolic step, whereas 
CYP2C19, CYP2C9, CYP2B6, and CYP3A are responsi- 
ble for the second step (12,13) (Fig. 2), The highly unstable 
active metabolite, R-130964, covaiently binds to platelet 
P2Y 12 receptor specifically and irreversibly during passage 
through the hepatic circulation resulting in inhibition of 
ADP-induced platelet activation-aggregation for the life 
span of the platelet (15), This metabolic activation scheme 
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Figure 1 



Central Role of ADP-P2Y 12 Receptor Interaction in Platelet Activation and Aggregation 
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is consistent with the time-dependent cumulative inhibition 
of ADP-induccd platelet aggregation as observed with 
repeated daily dosing of clopidogrel and is further high- 
lighted by slow recovery of platelet function following drug 
withdrawal (4,16,17), 

Multiple lines of evidence strongly suggest that variable 
and insufficient active metabolite generation are the primary 
explanations for clopidogrel response variability and nonre- 
sponsiveness, respectively (9). Variable levels of active me- 
tabolite generation following clopidogrel administration 
could be explained by: 1) variable or limited intestinal 
absorption, which may be affected by an ABCB1 gene 
polymorphism (18-20); 2) functional variability in P450 
isoenzyme activity influenced by drug-drug interactions as 
well as other factors^ and 3) single nucleotide polymor- 
phisms of specific genes encoding CYP450 isoenzymes 
(21,22). Stimulation of CYP3A4 activity by rifampin and 
St. John's wort and CYP1A2 activity by tobacco smoking 
have both been shown to enhance platelet inhibition in- 
duced by clopidogrel (23-25). The effect of smoking on the 
antiplatelet effect of clopidogrel has been associated with 
clinical outcomes and may, in part, explain the "smoker's 



paradox" (26,27). Conversely, agents that compete with clo- 
pidogrel for CYP and/or inhibit CYP attenuate the antiplatelet 
effect of clopidogrel. A diminished pharmacodynamic response 
to clopidogrel has been observed with coadministration of 
proton pump inhibitors, lipophilic statins, and calcium- 
channel blockers that are metabolized by the CYP2C19 and 
CYP3A4 isoenzymes (21,28-31)« Although a diminished level 
of platelet inhibition induced by clopidogrel has been demon- 
strated in some ex vivo studies following coadministration of 
these agents, the consequence of these interactions with respect 
to ischemic events remains controversial. 

Recent studies have evaluated the influence of the single 
nucleotide polymorphisms of genes encoding CY2C19 
isoenzymes with different activities, as well as single nucle- 
otide polymorphisms of the p-glycoprotein transporter gene 
on clopidogrel response variability and clinical outcomes 
(22,32). Multiple independent studies have demonstrated a 
link between the presence of genetic polymorphisms asso- 
ciated with suboptimal clopidogrel active metabolite gener- 
ation (pharmacokinetic measurement), decreased clopi- 
dogrel responsiveness as measured by platelet function 
assays (pharmacodynamic measurement), and adverse clin- 
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Figure 2 



Clopidogrei Response Variability 
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Absorption may be affected by polymorphism of the A3CB1 gene. The activity of hepatic cytochrome Isoenzymes are Influenced by dru&dVug Interactions, single nucleotide 
polymorphisms, and environmental Influences (smoking). 



Ical outcomes. No single study has conclusively associated all 
of these parameters in the same patient population. More- 
over it was observed that other genetic determinants may be 
involved and that overall, ~12% of the variation in the 
response to clopidogrei can be attributed to the CYP2C19*2 
loss-of-function allele (33). At this time, it is uncertain 
whether the factors associated with a poor response to 
clopidogrei are additive in dirninishing the antiplatelet effect 
of clopidogrei and worsening patient outcomes. 

The controversy surrounding the diminished effectiveness 
of clopidogrei in poor metabolizers (those having 2 loss-of- 
function GYP2C19 alleles) and the utility of genetic tests to 
identify differences in CYP2C19 function has been recently 
highlighted by the "boxed warning" issued by the Food and 
Drug Administration advising health care professionals to 
consider use of other antiplatelet medications or alternative 
dosing strategies for clopidogrei in these patients (34). The 
preceding statement was based on observations from a study 
of 40 healthy subjects that poor metabolizers had dimin- 
ished active metabolite exposure and higher platelet aggre- 
gation. Although it is believed that the loss-of-function 



allele confers its clinical rislc by affecting the pharmacody- 
namic response to clopidogrei, no single study thus far has 
demonstrated a conclusive link between the presence of a 
loss-of-function genetic polymorphism, suboptimal clopi- 
dogrei active metabolite generation (pharmacokinetic mea- 
surement), decreased clopidogrei responsiveness (pharma- 
codynamic measurement), and adverse clinical outcomes. 
The warning only addresses patients with 2 loss-of-function 
alleles. No information is provided for heterozygotes. Ear- 
lier Simon et at (18) suggested that increased ischemic risk is 
coririned to homozygotes. Other studies involving patients 
treated with stenting found a significant relation between 
ischemic risk and loss-of-function allele carriers (homozygotes 
and heterozygotes) (33,35-38), The picture is even more 
confusing with the recently presented CHARISMA (Clopi- 
dogrei for High Atherothrombotic Risk, Ischemic Stabiliza- 
tion, Management, and Avoidance) Genomics substudy (39) 
results that showed an increase in the combined end point of 
cardiovascular death, myocardial infarction, and stroke in 
poor metabolizers (*2/*2) compared with wild-type carriers 
(wt/wt) treated with clopidogrei. Unlike the latter studies, 
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CHARISMA investigated a lower-risk population and was 
not a study of stented patients, The CHARISMA Genomics 
study investigators pointed out 2 important caveats: 1) poor 
metabolizers in the placebo arm also had an increased risk; 
but 2) only a small number of primary events occurred in poor 
metabolizers (placebo arm, n = 5 [877%] and clopidogrel arm, 
n = 8 [13.79%]). The CHARISMA Genomics study (39) is 
the only investigation in which the influence of genDtyping on 
clinical outcome was studied in both the clopidogrel arm and 
the placebo arm. 

Moreover, the safety and efficacy of altering therapy in 
response to genotype is entirely unknown. Whereas neither 
genotyping nor platelet function tests alone adequately 
describe the global risk profile of an individual patient 
treated with clopidogrel, point-of-care platelet function 
testing to identify high-risk patients combined with 
CYP2C19 genetic testing may be more effective in identi- 
fying high-risk individuals for alternative antiplatelet ther- 
apies. Ultimately, prospective randomized clinical trials will 
be needed to test specific personalized antiplatelet algo- 
rithms to provide the evidence base necessary for widespread 
adoption into clinical practice. 

In addition to the preceding mechanisms for clopidogrel 
pharmacodynamic variability, increased body mass index, 
diabetes mellitus, and acute coronary syndromes have also 
been associated with a diminished antiplatelet response to 
clopidogrel (40-42). Several studies have demonstrated the 
coexistence of clopidogrel and aspirin resistance in the same 
patient population (43,44), It has also been demonstrated 
that patients with low responsiveness to a 600-mg loading 
dose, in addition to exhibiting a low level of inhibition of 
ADP-induced aggregation, also exhibit lower inhibition of 
aggregation induced by collagen and thrombin receptor 
agonist peptide as compared to moderate and high clopi- 
dogrel responders (45). Taken together, these data support 
the existence of a "hypo-responsive" or global high platelet- 
reactivity phenotype. Patients with the latter phenotype will 
have platelets that react robustly to multiple agonists. 
Finally, noncompliance is an obvious factor that must be 
excluded in the diagnosis of clopidogrel nonresponsiveness. 
When attempting to define causality for high platelet 
reactivity related to the occurrence of clinical events in 
patients receiving clopidogrel, all of the aforementioned 
mechanisms should be considered. 

Concept of Clopidogrel 
Nonresponsiveness, Resistance, and 
High On-Treatment Platelet Reactivity 

A single treatment strategy directed against a specific 
receptor cannot be expected to overcome all thrombotic 
events, and clinical treatment failure (occurrence of an 
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ischemic event) during clopidogrel treatment is not synon- 
ymous with clopidogrel resistance. The optimal definition 
of resistance or nonresponsiveness to any antiplatelet agent 
should be the failure of the antiplatelet agent to inhibit the 
target of its action (7). The identification of resistance 
should therefore utilize a laboratory technique that detects 
the activity of the target receptor before and after adminis- 
tration of the specific antiplatelet agent. For example, the 
absence of a change in platelet response (reactivity) to ADP 
from baseline after clopidogrel intake is an indicator of 
clopidogrel resistance. Earlier studies that measured light 
transmission platelet aggregation used an absolute difference 
of £10% aggregation as the definition of clopidogrel resis- 
tance (baseline vs. on-treatment) (6,7). Patients were also 
categorized as "nonresponsive," "semiresponsive," and "re- 
sponsive" using absolute platelet inhibition cut points of 
<10%, 10% to 30%, and >30%, respectively (6,46). 

Even though a measurement of responsiveness (absolute or 
relative changes in platelet aggregation from baseline) appears 
as the most reliable indicator of a treatment effect, it may not 
be the optimal method to identify patients at high risk. Given 
the interindividual variability in baseline ADP-induced platelet 
aggregation, the measurement of clopidogrel responsiveness 
(inhibition) may overestimate ischemic risk in nonresponders 
with low pre-treatment reactivity as well as underestimate risk 
in responders who remain with high platelet reactivity after 
treatment (47,48). Therefore, the absolute level of platelet 
reactivity during treatment (i.e., on-treatment platelet reactiv- 
ity) has been proposed as a better measure of thrombotic risk 
than responsiveness to clopidogrel. 

The relationship of on-treatment platelet reactivity to 
both periprocedural and long-term ischemic risk has been 
most widely investigated. However, the optimal method to 
quantify platelet reactivity as well as the threshold definition 
for high on-treatment platelet reactivity to ADP have been 
subjects of controversy. Another concern surrounds the 
timing of platelet reactivity measurement that is optimally 
associated with short- and long-term risk- Any definition of 
high on-treatment platelet reactivity will only be meaningful 
when a cutoff or target value is identified by an accepted 
statistical test Most commonly, the receiver-operator char- 
acteristic (ROC) curve analysis has been used to define the 
optimal cut point definition of high on-treatment platelet 
reactivity associated with ischemic risk. This method allows 
us to determine the cutoff value of platelet reactivity that 
would be associated with the lowest false negative and false 
positive rates and thus provides the greatest sum of sensitivity 
and specificity. The ROC curve analysis has been used to 
define cut poiats currently employed in prospective studies of 
individualized antiplatelet therapy in PCI patients (49). 
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Methods to Assess Platelet Responsiveness 
to ADP and P2Y 12 Receptor Reactivity 

Because clopidogrel specifically inhibits the P2Y 12 receptor, 
ex vivo measurement of ADP-induced platelet aggregation 
in platelet-rich plasma by light transmittance aggregometry 
has been the most commonly used laboratory method to 
evaluate platelet inhibition by clopidogrel and its relation to 
ischemic risk. In the strictest sense, aggregometry evaluates 
an integrated response of the platelet to ADP through the 
function of both P2Y n and P2Y 12 receptors* In most studies, 
the maximal amplitude of measured platelet aggregation in 
response to 5-> 10-, or 20-funol/I ADP has been recorded. 
Citrate remains the most widely used anticoagulant during 
platelet function testing, although it affects intracellular 
calcium ion concentrations, which may influence platelet 
function Alternative^, D-phenylalanyl-L-prolyl-L-arginine 
chloromethyl ketone or hirudin may be used to reduce 
changes in calcium ion concentrations. In addition to 
maximum platelet aggregation, late (final or residual) ag- 
gregation measured 5 to 6 min after the addition of agonist, 
a time when platelet disaggregation normally appears, has 
been proposed as a better indicator of clopidogrel respon- 
siveness. Although Collet et al. (20) and Labarthe et al. (SO) 
have correlated late aggregation with the antiplatelet re- 
sponse to clopidogrel, Gurbel et al. (51) suggested that 
clopidogrel nonresponders may be similarly identified by 
both maximal and late aggregation* Although some inves- 
tigators have advocated the adjustment of platelet concen- 
tration in plasma to ~250,000/mm 3 before measuring, 
others have suggested that such an adjustment may intro- 
duce artifacts and contribute to assay variability (52), Un- 
fortunately, because many other procedures involved in the 
performance of light transmittance aggregometry are not 
standardized between institutions, light transmittance ag- 
gregometry may not be the ideal test to monitor the effects 
of antiplatelet therapy outside of clinical trials (53). 

Flow cytometric measurements of platelet expression of 
both activated GP Ilb/IIIa receptor and P-selcctin (CD62) 
following ADP stimulation in addition to ADP-induced 
platelet-fibrin clot strength as measured by whole blood 
thrombelastography have also been used to identify clopi- 
dogrel nonresponsiveness. Thrombelastography measure- 
ments correlated platelet function with ischemic risk in the 
PCI population (54,55). In addition, 2 point-of-care whole 
blood assays, the VerifyNow P2Y12 assay (Accumetrics, San 
Diego, California) and the Multiplatc analyzer (Dynabyte 
Informations systcme, Munich, Germany) (both employing 
ADP as the agonist) have been used to measure platelet 
reactivity during clopidogrel therapy. The VerifyNow P2Y12 
assay is a tuxbidimetric assay that measures aggregation of 
platelets to fibrinogen-coated beads in whole blood. The 
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Multiplate analyzer is an impedance aggregometer that assesses 
platelet function in whole blood. The platelet function analyzer 
PFA-100 (Dade Behring, Deerfield, Illinois) method, which 
utilizes collagen/ADP-based cartridges and measures shear- 
induced platelet aggregation, has been associated with 
inconsistent estimates of platelet reactivity to ADP, Finally, 
the phosphorylation state of vasodilator-stimulated phos- 
phoprotein (VASP) is a specific intracellular marker of 
residual P2Y 12 receptor reactivity in patients treated with 
P2Y 12 blockers, which is currently measured by flow cytom- 
etry and has also been correlated with ischemic risk (7). In 
addition, this is the only test that specifically assesses P2Y 12 
receptor activity. Unlike methods employing the aggrega- 
tion induced by ADP, in VASP> phosphorylation assay 
measurement does not include the contribution of the P2Y a 
receptor to the overall response (56). 

Clopidogrel Nonresponsiveness and 
On-Treatment Platelet Reactivity: Early Studies 

Jaremo et aL (57) first reported interindividual variability in 
response to clopidogrel in patients with coronary artery 
disease by using flow cytometry to detect ADP-induced 
fibrinogen binding to platelets. Gurbel et al. (6) first 
demonstrated clopidogrel response variability and resistance 
using conventional platelet aggregometry and flow cytom- 
etry studies in patients undergoing PCI who had received a 
300-mg loading dose followed by 75-mg daily maintenance 
dose of clopidogreL The level of platelet inhibition induced 
by clopidogrel was dependent on the time after clopidogrel 
treatment when platelet function was measured and the 
prevalence of resistance fell from 31% (days 1 and 5) to 15% 
(day 30). Importantly, although a 600-mg clopidogrel load- 
ing dose is associated with more potent platelet inhibitory 
effects than a 300-mg dose, this higher-dose regimen was 
not able to completely overcome resistance, and a broad 
variability in response profiles continued to persist (8,9). In 
the Gurbel et al. studies (6,8), pharmacologic resistance to 
clopidogrel was defined as an absolute ^10% decrease in 
platelet aggregation in response to agonist from baseline 
(pre-treatment measurement). Based on these studies, it 
became similarly apparent that the level of post- treatment 
platelet reactivity during clopidogrel therapy was largely 
unpredictable. Only early platelet reactivity (24 h after PCI) 
correlated with pre-treatment platelet reactivity (6). 

Link Between High Platelet Reactivity 
and Post-PCI Ischemic/Thrombotic Events 

Numerous studies have reported pharmacological "resis- 
tance" to clopidogrel as a potential etiology for thrombotic 
events after PCI (Table 1) (43,54-83). Barragan et al. (58) 
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were the first to demonstrate an association between post- 
treatment platelet reactivity and the occurrence of throm- 
botic events (clinical treatment failure) in a case- control 
study of PCI patients, In the study by Barragan et al. (58), 
a platelet reactivity index (PRI) >50% measured by VASP- 
phosphorylation assay was associated with thrombotic risk. 
Of note, in this study, turbidimetric aggregation was not 
associated with ischemic risk. However, at the same time, 
Matetzky et aL (59), using aggregometry, observed that 
patients undergoing primary PCI for ST-segment elevation 
myocardial infarction who were in the lowest quartile of 
clopidogrel responsiveness had the highest rates of ischemic 
events during follow-up. 

Subsequently, it was suggested that die level of on- 
treatment platelet reactivity might be a superior risk predictor 
compared with the difference between baseline and post- 
treatment platelet reactivity, because platelet reactivity to ADP 
was variable before clopidogrel treatment in patients on aspirin 
therapy (47,48). The important relationship between high 
on-treatment platelet reactivity to ADP as measured by turbi- 
dimetric aggregometry and the occurrence of ischemic events 
in patients treated with stents was first prospectively demon- 
strated in the PREPARE POST-STENTING (Platelet Re- 
activity in Patients and Recurrent Events Post-Stenting) 
study (upper quartile, odds ratio: 2.6) (55), Multiple subse- 
quent studies have confirmed the direct relationship be- 
tween the level of platelet reactivity and post-FCI ischemic 
event occurrence using aggregation. Most recently, there 
have been further studies employing the VASP-phosphorylation 
assay, the VerifyNow P2Y12 assay, and the Multjplate ana- 
lyzer. These studies have consistently demonstrated that high 
on-treatment platelet reactivity is an important independent 
risk factor for the occurrence of thrombotic/ischemic events 
after PCI (56-84). 

High Platelet Reactivity 
Defined by ROC Analysis 

Importantly, studies have emerged that have used ROC 
curve analysis to define a threshold or cut point of on- 
treatment platelet reactivity associated with the optimal 
combination of sensitivity and specificity to identify throm- 
botic risk (Table 2). Thrombotic events may be prevented 
by achieving platelet reactivity below this threshold. It 
should be noted that such cut points might depend on the 
subset of patients studied, In fact, to date, cutoff values have 
been mainly investigated in patients undergoing PCI and 
different targets may be obtained in other settings depend- 
ing on patient management or baseline risk profile (77,78). 

Recent studies (62,64,72,76,77) have observed the 
prognostic value of the VASP phosphorylation analysis, 
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with an optimal cutoff value for VASP-PRI between 48% 
and 53%, which is similar to the threshold defined by 
Barragan et al, (58) in their earlier study of early stent 
thrombosis* Although these studies used different ischemic 
end points such as stent thrombosis or major adverse cardiac 
events (e,g«, cardiovascular death, myocardial infarction, and 
urgent revascularization with or without stroke), they nev- 
ertheless found similar cutoff values for the VASP-PRI that 
were associated with post-PCI thrombotic event occur- 
rence. Similarly, using the VerifyNow P2Y12 assay, a cutoff 
value of —240 P2Y 12 reaction units appears to be prognostic 
for subsequent thrombotic events (including cardiovascular 
death and stent thrombosis or cardiovascular death, nonfatal 
myocardial infarction, and stent thrombosis) (68,78,79,82). 
In a recent study, maximal platelet aggregation >46% in 
response to 5-/xmol/I ADP following PCI was associated 
with major adverse cardiac events (69). Using the Multiplate 
analyzer, Sibbing et aL (80) demonstrated that high on- 
treatment ADP-induced platelet reactivity measured before 
PCI was associated with the occurrence of 30-day stent 
thrombosis in 1,608 patients who had received a 600-mg 
clopidogrel loading dose before PCI. Moreover, based on 
ROC analysis, a cut point of 468 arbitrary aggregation 
units/min (approximately corresponding to the highest 
quinlile) was associated with the occurrence of stent throm- 
bosis (80), Recendy, Breet et al, (82) evaluated the utility of 
multiple platelet function assays in predicting 1-year out- 
come of death, myocardial infarction, stent thrombosis, and 
stroke in 1,069 consecutive patients treated with clopidogrel 
following elective coronary stent implantation. In this large, 
prospective, observational study, high on-treatment platelet 
reactivity cut points of 42.9% maximal aggregation induced 
by 5-^tmol/l ADP and 64.5% by 20-ftmoJ/l ADP light 
transmittance aggregometry; 236 P2Y l2 reaction units mea- 
sured by VerifyNow P2Y12 assay, and 80.5% aggregation by 
Pkteletworks (Helena Laboratories, Beaumont, Texas) all 
correlated with the occurrence of the composite primary end 
point, with an area under the curve of ~0*62 for each assay. 
The addition of high on-treatment platelet reactivity as 
measured by the noted platelet assays to more classical 
clinical and procedural risk factors improved the area under 
the curve to -0.73 (82). 

Each of these studies may thus provide a target level of 
platelet reactivity for future investigations, similar to the 
international normalized ratio used for warfarin therapy. 
The consistent findings across multiple investigations sup- 
port the crucial role of high on-treatment reactivity in the 
etiologv of ischemic events after PCI, including stent throm- 
bosis, and suggest the existence of a threshold level of platelet 
reactivity below which ischemic events may be prevented 
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Studies Linking High Oa-Treatment Platelet Reactivity to ADP and 
Clopidogrel Nonresponsiveness to Post-PCI Adverse Clinical Event Occurrence 



Study tRef. #) Patients (n) Treatment Methods Definition Clinical Relevance 



Barragan et al. (58) 


Pa (46) 


250 mg qd TIP or 
CLP 75 mg qd 


VASP-PRr 


>5Q% VASP-PRI 


tST 


GumeletaL (55) 


Elective PCI (192) 


300-mg LD + 75 mg 
qdCLP +/-EPT 


Sjimol/I ADP-LTA 


HPS = 75lh percentile post-PCI 
aggregation 


t 6-month post-PCI 
events, OR; 2,7 


MatetzkyetaL (59) 


PCJ/STEMI 
(60) . 


300-mg LD + 75 mg 
qd CLP +/-EPT 


o^mnl/l ADP4JA 


Reduction In platelet aggregation 
Upper quartlle 


f 6-month cardiac 
events 


GurbeJetai.<60) 


Elective PCI (120) 


300-mgLD 
CLP +/-EPT 


E^mol/1 ADP4,TA 


Mean periprocedural platelet 
aggregation >50K 


t Periprocedural 
myonecrosis 


Gurbel etaL(61) 


Elective PCI (200) 


30C-/600-mgLD 
CLP EPT 


S-^mal/l ADP-LTA 


Mean periprocedural platelet 
aggregation >4QK 


t Periprocedural 
myonecrosis 


eiitfen et a!, (54] 


Elective PCI (100) 


75 mg qd CLP 


5-^/1 ADIM.TA 


>50K platelet aggregation 


t 1-yr post-PCI events 


Lev el al. (43) 


Elective PCI (150) 


300-mgCLPLD 


5* and 20-jLimol/t ADP-LTA 


Baseline— post-treatment 
aggregation siOfc 


f Periprocedural 
myonecrosis 


• • Bfindl et al. (62) 


High risk for ST/PCI 
{99) 


75 mgqd for 6 months 


VASftPRI (72-96 h after 
stentfng) 


>48*PRI{ROC) 


t 6-month st 


Culsset et sl.(63) 


N STEM l/ACS/PCI 
(190) 


600-mg CLP LD >6 h 
before PCI 


10-jtmol/l ADPLTA VASP-PRI 


HPR >70% post-treatment LTA 


t Peripmcedural 
■ myonecrosis 


EteeetaM64J , 


NSTEMI/ACS/PCI 
(195) 


600.mgCLPLD>6h 
before PCI 


UHunat/l ADPLTA 


HPR (ROC) >70% post-lreatment 
LTA >B3% VASP-PRI 


t 30day post-PCI 
events mace + 
stroke 


Geisleret el. (65) 


CAD/PCI {379} 


eOO-mgCLPLD>6h 
before PCI 


20-^tmot/l ADP-LTA 


Clopidogrel low responded - 
<30Xp!oteieitohlbittort 


f 3-month MACE and 
death OR: 4.9 ' 


Geisleret al. (66) 


CAD/PCI (1,092) 


60OfflgCLPLD>eh 
before PCI 
+ 75 mg qd 


20-ftrrtoI/l ADP-LTA 
Residual aggregation 
measured after 5 mln 


Upper quartile 


t SOdayMACE 


Hochhoker et al. (67) 


Elective PCt (802) 


600-mgCLPLD 
>2 h bofom PCI -f 
75 mg qd 


5-umol/I ADP-LTA Residual 
aggregation measured 
after 5 mln 


Ptatetet aggregation above 
median 


| 3T>day MACE OR; 6,7 


' Price etal. (68) 


PCI (380) 


eOQmgCLPLD 
>12 h before PCI or 
75 mg qd >5 days 


VerifyNowP2Yl5 assay 


HPR - post-treatment 2:235 
PRU(ROC) 


t &month post-PCI 
events includfng ST 


Gurbeletal. (69) 


Elective PCI (297) 


300-/60C-mg LD/ 
75mgqd CLP 
+/-EPT 


5-and20-firnol/t ADP-LTA 


HPR = post-procedural (ROC) 
>46fc&.jim0l/lADP 
>59» 20-jtmc4/l ADP 


t 2-yr ischemic events 
5-fimol/l ADP OR: 3.9 
20-/uimol/l ADP OR: 3.8 


Gurbeietal.{70) 


Stenting 
(120) 


75^flg qd CLP 
>5 days 


5- and 20-jimoi/l ADP-LTA 


HPfl >75th percentile of 

platelet reactivity 
B^imol/J ADP « 50% 
20->imol/l ADP - 65% 


T ST 


fluonamtct et al. (71) 


PCI/DES 
(804) 


600*ng LD + 
75mgqdfor 
6 months 


iO-funol/lADPCTA 


HPR&705C aggregation 


t ST HR: 3.08 


BoneHa et'aL (72) 


PCI/£ter\tIng(144) 


300>mgLD>24h 


VASPPRI 


>50% m (roc) 


t 6-month post-PCI 
MACE 



Cuisset et af. (73) PCI/SA (120) fiOOmg LD ai2h VerifvNow P2Y12 assay t Platelet reactivity f Post-PCI myonecrosis 

before PCi 
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Table X 



Continued 












Study {Ref.rt) 


Patients (n) 


Treatment 


Methods 


Definition 


Clinical Relevance 


Mlgliorinietal, (74) 


PCI/DES/ULMD 
(215) 


60OmgLD + 
75 mg qd for 
12 months 


lO^moT/l AOP-LTA 


HPR aggregation 


t 3-yr cardiac death 

and ST 
HR CV death: 3.82 
HR ST: 3.69 


Marcuccl et at. [75) 


PCI/ACS 
(683J 


60O*mg LD 
+ 75rogqd 


VeriryNQwP2Y12 assay 


HPR 2:240 PRU 


12-month Ischemic event 
HR CV death: 2.55 
HR nonfatal Mt; 3.36 


Bonetlo ei a), (76) 


PCI/stenting 
(162) 


600 cng repealed dose 
until PHI <50% 


VASP-FRJ 


<50K VASP-PRI 


1 1-month Ischemic 
event 


BoneHoetaHTT) 


PCJ/stentlng 
(214) 


600-mg repeated dose 
until Pfll <S0« 


VASP-PRI 


<50%VASPPRI 


1 Early ST end MACE 
(OB: 9,4) 


ValfilmlgJiotal. (78) 


Elective PCI 
(1,277) 


600-mgLD before PCI 


VerifyNow aspirin and 
P2Y12 assay 


>235 PRU 
>S50 ARU 


t PostTO myonecrosis 


Paw el el, (79) 


PCI (160) 


eoo-rnglDor 
75 mg qd >5 days 


Veri(yNowP2V12ass^ 


HPR ^240 PRU {Pre-PCI) 


t 1-month major 
cardiovascular event 
occurence 


SibbJr>setal.(80) 


PCI/DES 
CU608) 


60OmgLD before PCt 


e^mof/i adp Muitiprate 
analyzer 


upper qubtlle (>416 AU/mfn) 
[ROC) 


X 1-month definite ST 
(OR: 9.4) 


Cufssot el a). (SI) 


NSTEMI/stentlng 
(598) 


eOOntgLD &12h 
before PCI 


10-ftmtJl/IADFM.TA 
VASP-PRI 


>$7% aggregation (ROC) 


T ST 


Breeiet el, (82) 


Elective PCJ 
(1,069) 


75-mg qd >5 days 
300-mg LO >1 day 
eOfrjirtgLO 


20-^tmol/J ADP-LTA 
VerifyNow P2V12 
20-/imol/l ADP 
Plaieletworks 
Before PCI 


>42.9K 5-fimol/i ADP (ROC) 
>64.6K20-^mol/l ADP 
>236 PRU 
80.556 Plaleletworks 


OR for l*yr death, Ml, 
ST, and Stroke 
5*j*mol/i ADP: 2.09 
20-/iTnol/l ADP: 2,05 
VorKyNow: 2.53 
Pleteletworfss: 2.22 



ACS =* act/e coronary syndromes: ADP - adenosine diphosphate: ARU « aspirin resistance units; AU = arbitrary aggregation units: CAD - coronary artery dlscsso; CLP = clopidogrel; CV ■ 
cardiovascular: DES« drug-c Kiting stent; EPT eptififc-alldft; HPR - high ootreatment platelet reactivity; HR » hazard ratio; LD ~ to a ding dose; LTA « light transmit! anee aggr ego many; MACE *» mtfor 
adverse cardiac events; Ml ~ myocardial infarction: NSTEMI ■ nan-ST-sagment Blevated mYocanJial Infarction; OR n odds ratio: PCI ■ percutaneous Intervention; PfiU a PiYja reaction units; qd * 
onco dally; ROC » rcwlvewperator characteristic curve; SA - stable angina; ST « stem thrombosis; STEM! « ST-segment elevated myocardial Infarction; tlp ■= tlcloplrJlne; ULAJD ^unprotected loft 
main ctsease; VASP-PRI - vasodilator stimulated ptiDsptioprntefn- platelet reactivity Index. 



(62,64,68,69,72,75,30-82). Most importantly, the observed cut- 
off values for platelet reactivity noted previously had a very high 
negative predictive value for thjrombotic/ischernic event occur- 
rence, an observation of potential great clinical importance. How- 
ever, the positive predictive value is fairly low for all assays. 
This is consistent with the iact that although it is a major 
determinant of thrombotic events, high on-treatrnent platelet 
reactivity is not the sole factor responsible for these events. 

Personalized Antiplatelet 

Therapy: Preliminary Prospective Studies 

Following the demonstration of a link between high on- 
treatment platelet reactivity in patients undergoing PCI 
together and thrombotic/ischemic events, several studies 
have aimed to lower the level of platelet reactivity by 
modifying therapy. These studies have demonstrated that 
platelet reactivity to ADP on standard clopidogrel therapy 
can be lowered by using higher loading or maintenance 



doses of clopidogrel, the addition of cilostazol, switching to 
more potent alternative P2Y t2 receptor blockers such as 
prasugrel or ticagrelor (AstraZeneca, Wilmington, Dela- 
ware), and by adding elinogrel or GP Ilb/IIIa inhibitors 
(76-78,85-93). An improved outcome with altered therapy 
was observed in some of these Studies (76-78,93). 

In 2 small multicenter trials that employed the VASP- 
phosphorylation assay, tailored incremental loading doses of 
clopidogrel lurcher reduced on-treatment platelet reactivity 
below the previously noted threshold and were effective in 
reducing subsequent major adverse cardiac events without 
increasing Thrombolysis In Myocardial Infarction CHMI) 
major or minor bleedings. However, it must be noted that 
about 5% of patients remain resistant to clopidogrel even after 
repeated loading doses of 600 mg (76,77). Similarly, following 
these findings, 2 other studies (82,91) have suggested that the 
selective administration of platelet GP Ilb/IIIa receptor block- 
ers to patients undergoing elective PCI who were identified as 
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Studies Linking High On-Treatment Platelet Reactivity 

to Ischemic Events Based on ROC Curve With a Specific Cutoff Value 



Study (Ref. #) Assay Cutoff Value End Point AUC Odds Ratio 



Pries at p.l. <68) 


VerifyNow P2Y12 assay 


>235 PRU 


6-month post-PC) 
CVD + Ml + ST 


0.71 


NA 


Guibel e: al. (69) 


LTA 


>46fc &|*mol/l ADP 
>5996 20-fimot/l ADP 


2«year post-PCI MACE 


0.77 
0.78 


3.9 
3,8 


BHndtet al. (62) 


VASPPRI 


>48% PRI 


8-month ST 


0.79 


1.16 


Frew et al. (64) 


LTA 

VASPPRI 


>70% 10-|timol/] ADP 
>53fc PRI 


l*month post-PC] 
MACE + strata 


0.74 
0.73 


NA 


Boneiro et al. [72) 


VASP-PRI 


>50% PRI 


" 6-month post-PCI MACE 


0.55 


NA 


Marcucd ct al. 
{75) 


VerlryNow P2Y12 assay 


&240 


1-yr CV death and 
nonfatal Ml 


0.66 ■ 


2.38 CV death 
2.76 nonfatal Ml 


Slbblng at al. (SO) 


MultJpiate anaty*er*ADP 


>468 AU/mfn 
6.4-/unoVI ADP 


30>dayST 


0.7S 


12.0 


CuissetctaUSi) 


LTA 


>67% 10-|imol/l ADP 


1-month ST 


0.69 


5.8 


Breetetal. (82) 


LTA 

VerifyNow P2Y12 assay 
Platelehvorks 


>42A% &fjtmol/| ADP 
>64.5fc 20./imo]/l ADP 
>236 PRU 

>80.5K 20-fxmol/l AOP 


1-yr death, Ml, ST. and 
stroke 


0,63. 
0,62 
0.62 
0.61 


2.09 
2.05 
2.53 
2.22- 



AUC = area under the curve: CVD = cardjavasoilw tflse&se; NA =* not addressed; ether abbreviations as In Table 1. 



having high on-treatment platelet reactivity following an oral Ongoing Studies of 

dopidogrel loading dose was effective in reducing subsequent Personalized P2Y 12 Inhibitor Therapy 
post-PCI ischemic events without increased bleedbg rates. 

These studies are the first to suggest that the cutoff value Larger clinical trials aimed at confirming the potential benefit 

identifying patients at increased risk of thrombotic events could of tailored doses of dopidogrel according to on-treatment 

be used to tailor therapy and lead to an improved outcome, platelet reactivity assessed by VerifyNow are currently recruit- 



Table 3 



Ongoing Clinical Studies Based Platelet Reactivity Measurement by VerifyNow Assay 



ClinlcalTrfats.gov 

Study Identifier Unstable or NSTEM1/PC I Outcome ClopfdDgrel Therapy 



GRAVITAS 


Gauging Responsiveness With a VerflyNow 
Assay— Impact on Thrombosts and Safety 


NCT0O645918 


Elective or ACS/PCI/DES 
(2,783) 


e^onth CV death, nonfatal Ml, 
or ST 


75 mg qd vs. 150 mg qd 


ARCTIC 


Double Randomization of a Monitoring 
Adjusted Antiplatelet Treatment Versus a 
Common Antiplatelet Treatment Tor DES 
Implantation, and Intemiptlon Versus 
Continuation of Double Antiplatelet Therapy 


NCT00827411 


Elective PCI/DES 
(2,500) 


l2>month composite end point 
of death, Ml, stroke, urgent 
revascularization, ST 


Therapy based on MD 4 s 
performance 


DANTE 


Dual Antiplatelet Therapy Tailored on the 
Extent of Platelet Inhibition 


NCT00774475 


Unstable or NSTEMI/PCI 
(442) 


6- and 12-mcnlh CV death, 
nonfatal Ml, TVR by PCI or 
CABG 


75 mg qd vs. 150 mg qd 


T0PAS-1 


Tailoring of Ptatelet Inhibition to Avoid Stent 
Thrombosis 


NCT00914368 


Previous PCI orstentlng 
for CAD (450) 


6-month ST 


GOO-mg LD 75 mg qd for 
6 months 


TRIGGER-PC! 


Testing Platolot Reactivity in Patients 
Undergoing Elective Stent Placement on 
Clopldogrel to Guide Alternative Therapy 


NCT0D910299 


PCI patients [2,150) 


CV death, nonfatal Ml 


Prasugrel 60/10 mg vs. 
dopidogrel 
600/75 mg 



With Prasugrel 



CABG « coronary artery bypass graft; MD * maintenance dose; TVR = target vessel revascularization; other abbreviations as In Table i. 
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ing patients (Table 3) (94). The clinical benefit of achieving 
lower levels of on-treatment platelet reactivity was suggested by 
the TR1TON-TTMI 38 (Trial to Assess Improvement in 
Therapeutic Outcomes by Optimizing Platelet Inhibition 
With Prasugrel-Thrombolysis In Myocardial Infarction 38) 
(95) and the PLATO (Platelet Inhibition and Patient 
Outcomes) trials (96). In TRITON-TIMI 38, prasugrel, a 
third-generation thienopyridine associated with faster and 
lower on-treatment platelet reactivity than clopidogrel, was 
in turn associated with a lower prevalence of thrombotic 
events in ACS patients treated with PCI (95,97). However, 
prasugrel was associated with greater bleeding rates in the 
TRITON-TIMI 38 trial that may be related to excessively 
low platelet reactivity in selected patients (97). In the 
PLATO study, ticagrelor, the first oral nonthienopyridine 
reversible P2Y 12 inhibitor that provides a faster platelet 
inhibition and lower on-treatment platelet reactivity than 
clopidogrel was also associated with lower rates of ischemic 
events in an ACS population. Similar to the results of 
TRITON-TIMI 38, increased bleedings in ACS patients 
undergoing PCI were also noted in the ticagrelor group 
(95-97). These findings are consistent with the hypothesis 
that lower levels of platelet aggregation are associated with 
reduced ischemic events but increased bleeding risk. In the 
PLATO study, a similar bleeding event rate in patients 
.undergoing coronary artery bypass grafting where ticagrelor 
therapy was discontinued within 3 days before surgery was 
observed (96), This was supported by the observation that 
ticagrelor was associated with faster offset of antiplatelet 
effects compared with clopidogrel therapy despite superior 
platelet inhibition in the ONSET/OFFSET (Randomized 
Double-Blind Assessment of the Onset and Offset of the 
Antiplatelet Effects of Ticagrelor Versus Clopidogrel in 
Patients With Stable Coronary Disease) study (17). More- 
over, in the RESPOND (Response to Ticagrelor in Clopi- 
dogrel Noniesponders and Responders and the Effect of 
Switching Therapies) study (93), ticagrelor therapy was 
associated with uniform and superior platelet inhibition in 
both previously identified clopidogrel responders and non- 
responders, and that inhibition, in turn, was associated with 
an extremely low prevalence of high on-treatment platelet 
reactivity. In addition, another novel reversible P2Y 12 re- 
ceptor blocker, elinogrel, has been shown to be associated 
with enhanced platelet inhibition when administered to 
selected patients with high platelet reactivity during stan- 
dard clopidogrel therapy* Moreover, the antiplatelet effect of 
elinogrel was completely reversible within 24 h (92)* The 
previously discussed alternative therapies may provide im- 
portant advances to attenuated ischemic events occurrence, 
particularly in selected patients with high platelet reactivity 
on standard clopidogrel treatment. Dose adjustments based 



Figure 3 



Post-PCI Ischemic/Thrombotic Clinical Events 




ADPHnduced Platelet Reactivity (%) 



Ttie sfgmold cumulative frequency curve fn plants with post-percutaneous coronary 
rntervenlton fschemlc/lhrombotfc clinfcal events relative 10 platelet reactivity to adeno- 
sine diphosphate. These data support the concept of b therapeutic window for P2Y 13 
blockade. Adrjpled, with permission, from Gurbel et al. (7). AbhrevteUgn as In Figure I. 



on objective measurements of platelet reactivity may reduce 
the prevalence of bleeding. Reversibility may facilitate the 
management of patients requiring unanticipated surgery. 
The results of TRITON-TIMI 38 and PLATO suggest 
that there may be a fine balance between ischemic event 
occurrences and bleeding in patients treated with P2Y 12 
receptor blockers. Consistently tailored P2Y 12 receptor 
blockade has the potential to improve outcome. 

P2Y 12 Inhibitor Therapeutic Window 

As platelet-mediated ischemic events appear to be clustered 
in the upper tertile or quartile of on-treatment platelet 
reactivity (i.e., above the optimal cut points previously 
identified), there may exist a "therapeutic window" for 
P2Y 12 receptor antagonist therapy that is associated with 
both an optimal reduction in thrombotic events as well as a 
low rate of major bleeding. The identification of a specific 
threshold for platelet reactivity that confers protection 
against thrombotic events and yet also limits bleeding 
following PCI is a crucial area of investigation, particularly 
in light of the increasing availability of platelet point-of-care 
assays as well as the widening choice of P2Y 12 receptor 
antagonists (7,60) (Fig* 3). At this time, there have been no 
definitive studies confirming a cut point of platelet reactivity 
to ADP associated with bleeding risk. However, recent obser- 
vational data have emerged showing an association of an 
excessive response to clopidogrel and the occurrence of major 
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in-hospital bleeding events in clopidogrel-txeated patients un- 
dergoing PCI (98-100). Moreover, the advent of more potent 
antiplatelet drugs that target the T?2Y n receptor — such as prasug- 
rel and ticagrelor, sets the need to study the relationship of 
antiplatelet treatment and risk for bleeding more thoroughly. 

Future Considerations 

It is unknown whether on-treatment platelet reactivity cut 
points associated with risk for periprocedural events are the 
same as those associated with long-term risk Although sirnilar 
cut points have been reported, the optimal platelet reactivity 
target may vary with respect to the time following the PCI 
procedure. For example, lower on-treatment platelet reactivity 
may be optimal in the early period following ACS and/or PCI, 
whereas the same low level may not provide the same clinical 
advantage 6 months later due to excessive bleeding. Also, the 
optimal level of platelet reactivity may differ between the 
settings of elective as compared to emergent PCI. Another 
factor that must be considered is that antiplatelet therapy 
responsiveness has been reported to improve over time Mow- 
ing PCI, which may result in lower on-treatment platelet 
reactivity (6). Finally, the comparative utility of platelet func- 
tion versus genetic testing should be investigated prospectively 
in order to determine whether these strategies are complemen- 
tary or stand-alone methods to identify the high-risk patients. 

Conclusions 

The absolute level of platelet reactivity during treatment (Le., 
on-treatment platelet reactivity) is proposed by the consensus 
of all the authors to be a better measure of thrombotic risk than 
responsiveness to clopidogrcL Currently available evidence 
supports the concept of a threshold for on-trcatmcnt platelet 
reactivity that may be used to stratify patient risk for ischemic/ 
thrombotic events following PCI, including stent thrombosis. 
At the present time, high on-treatment platelet reactivity in the 
setting of PCI has been defined by ROC analyses using the 
following criteria: 1) PRI >S0% by VASP-P analysis; 2) >235 
to 240 P2Y 12 reaction units by VerifyNow P2Y12 assay; 3) 
>46% maximal 5-jianol/L ADP-induoed aggregation; and 4) 
>468 arbitrary aggregation units/min in response to ADP by 
Multiplate analyzer (68,69,72,80) (Table 2). However, there 
are no large-scale clinical studies to date demonstrating that the 
adjustment of antiplatelet therapy based on any of these cut 
points improves cUnical outcomes. Finally, PCI patients with 
diabetes and patients with ACS treated medically as compared 
to those treated with PCI may have different high on- 
treatment platelet reactivity cut points (84). 

Ongoing studies with the VerifyNow P2Y12 assay are 
underway to determine whether individually tailoring anti- 
platelet therapy will improve clinical outcomes after PCL 
These studies will also investigate the relationship of platelet 
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reactivity to bleeding events* Currently, platelet function 
testing may be considered in determining an antiplatelet 
strategy in patients with a history of stent thrombosis and in 
patients prior to undergoing high-risk PCL However, until 
the results of large-scale trials of personalized antiplatelet 
therapy are available, the routine use of platelet function 
measurements in the care of patients with cardiovascular 
disease cannot be recommended. 
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L Introduction 

The American College of Cardiology (ACC)/American Heart 
Association (AHA) Task Force on Practice Guidelines was 
formed to make recommendations regarding the diagnosis 
and treatment of patients with known or suspected cardiovas- 
cular disease. Coronary artery disease (CAD) is the leading 
cause of death in the United States, Unstable angina (UA) and 
the closely related condition non-ST-segment elevation myo- 
cardial infarction (NSTEMI) are very common manifesta- 
tions of this disease. These life-threatening disorders are a 
major cause of emergency medical care and hospitalizations 



in the United States. In 1996, the National Center for Health 
Statistics reported 1 433 000 hospitalizations for UA or 
NSTEMI. In recognition of the importance of the manage- 
ment of this common entity and of the rapid advances in the 
management of this condition, the need to revise guidelines 
published by the Agency for Health Care Policy and Research 
(AHCPR) and the National Heart, Lung and Blood Institute in 
1994 was evident. This Task Force therefore formed the 
current committee to develop guidelines for the management 
of UA and NSTEML The present guidelines supersede the 
1994 guidelines. 
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The customary ACC/AHA classifications I, II, and III 
summarize both the evidence and expert opinion and provide 
final recommendations for both patient evaluation and 
therapy: 

Class I: Conditions for which there is evidence and/or 
general agreement that a given procedure or treatment is 
useful and effective. 

Class II: Conditions for which there is conflicting 
evidence and/or a divergence of opinion about the useful- 
ness/efficacy of a procedure or treatment 

Class Ha: Weight of evidence/opinion is in favor of 
usefulness/efficacy. 

Class lib: Usefulness/efficacy is less well established by 
evidence/opinion. 

Class III: Conditions for which there is evidence and/or 
general agreement that the procedure/treatment is not 
useful/effective and in some cases may be harmful. 

The weight of the evidence was ranked highest (A) if the 
data were derived from multiple randomized clinical trials 
that involved large numbers of patients and intermediate 
(B) if the data were derived from a limited number of 
randomized trials that involved small numbers of patients 
or from careful analyses of nonrandomized studies or 
observational registries. A low rank (C) was given when 
expert consensus was the primary basis for the 
recommendation. 

The full text of the guidelines is published in the 
September 2000 issue of the Journal of the American 
College of Cardiology. This document was approved for 
publication by the governing bodies of the American 
College of Cardiology and the American Heart 
Association. 

UA and NSTEMI are acute coronary syndromes (ACSs) 
that are characterized by an imbalance between myocardial 
oxygen supply and demand. The most common cause is 
reduced myocardial perfusion that results from coronary 
artery narrowing caused by a nonocclusive thrombus that 
has developed on a disrupted atherosclerotic plaque. Ab- 
normal constriction of the coronary arteries may also be 
responsible. In the guidelines, UA and NSTEMI are 
considered to be closely related conditions whose patho- 
genesis and clinical presentations are similar but of differ- 
ing severity (ie, they differ primarily in whether the 
ischemia is severe enough to cause sufficient myocardial 
damage to release detectable quantities of a marker of 
myocardial injury, most commonly, troponin I [Tnl], 
troponin T [TnT], or the MB isoenzyme of creatine 
phosphokinase [CK-MB]). Once it has been established 
that no biochemical marker of myocardial necrosis has 
been released, the patient with an ACS may be considered 
to have experienced UA, whereas the diagnosis of 
NSTEMI is established if a marker of myocardial injury 
has been released. 

II. Initial Evaluation and Management 
A. Clinical Assessment 
Recommendations for Initial Triage 
Class I 

1. Patients with symptoms that suggest possible ACS 
should not be evaluated solely over the telephone but 



should be referred to a facility that allows evaluation 
by a physician and the recording of a 12-lead 
electrocardiogram (ECG). (Level of Evidence: C) 
2. Patients with a suspected ACS with chest discomfort 
at rest for >20 minutes, hemodynamic instability, or 
recent syncope or presyncope should be strongly 
considered for immediate referral to an emergency 
department (ED) or a specialized chest pain unit 
Other patients with a suspected ACS may be seen 
initially in an ED, a chest pain unit, or an outpatient 
facility. (Level of Evidence: C) 

When symptoms have been unremitting for >20 minutes, the 
possibility of ST-segment elevation myocardial infarction 
(STEMI) must be considered. Given the strong evidence for 
a relationship between a delay in treatment and death for 
patients with STEMI, an immediate assessment that includes 
a 12-lead ECG is essential Patients who are diagnosed as 
having an acute myocardial infarction (AMI) that is suitable 
for reperfusion should be managed as indicated according to 
the ACC/AHA Guidelines for the Management of Patients 
With Acute Myocardial Infarction. 

B. Early Risk Stratification 
Recommendations 

Class I 

1, A determination of the likelihood (high, intermedi- 
ate, or low) of acute ischemia caused by CAD should 
be made in all patients with chest discomfort (Level 
of Evidence: C) 

2, Patients who present with chest discomfort should 
undergo early risk stratification that focuses on 
anginal symptoms, physical findings, ECG findings, 
and biomarkers of cardiac injury* (Level of Evi- 
dence: B) 

3. A 12-lead ECG should be obtained immediately 
(within 10 minutes) in patients with ongoing chest 
discomfort and as rapidly as possible in patients who 
have a history of chest discomfort consistent with 
ACS but whose discomfort has resolved by the time 
of evaluation* (Level of Evidence: C) 

4. Biomarkers of cardiac injury should be measured in 
all patients who present with chest discomfort con- 
sistent with ACS, A cardiac-specific troponin is the 
preferred marker, and if available, it should be 
measured in all patients. CK-MB by mass assay is 
also acceptable. In patients with negative cardiac 
markers within 6 hours of the onset of pain, another 
sample should be drawn in the 6- to 12-hour time 
frame (eg, at 9 hours after the onset of symptoms). 
(Level of Evidence: C) 

Class II a 

1. For patients who present within 6 hours of the onset 
of symptoms, an early marker of cardiac injury (eg, 
myoglobin or CK-MB subforms) should be consid- 
ered in addition to a cardiac troponin. (Level of 
Evidence: C) 

Class lib 

1. C-reactive protein (CRP) and other markers of 
inflammation should be measured. (Level of Evi- 
dence: B) 
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TABLE 1. Short-Term Risk of Death or Nonfatal Ml in Patients With UA 


Feature 


High Risk 

(At least 1 of the following features must 
be present) 


Intermediate Risk 
(No high-risk feature but must have 1 of 
the following features) 


Low Risk 

(No high- or intermediate-risk feature 
but may have any of the following 
features) 


History 


Accelerating tempo of ischemic symptoms 
in preceding 48 hrs 


Prior Ml, peripheral or cerebrovascular 
disease, or CABG; prior aspirin use 




Character of pain 


Prolonged ongoing (>20 min) rest pain 


Prolonged (>20 min) rest angina, now 
resolved, with moderate or high likelihood 
Df CAD 

Rest angina (<20 min or relieved with rest 
or sublingual NTG) 


New-onset CCS Class til or IV angina in 
the past 2 wk with moderate or high 
likelihood of CAD 


Clinical findings 


Pulmonary edema, most tikety related to 
ischemia 

New or worsening MR murmur 
S 3 or new/worsening rales 

nypulGilalUII, Ul auyirdlllldi LaliliyuaiUld 

Age >75 y 


Age >70 y 




ECG findings 


Angina at rest with transient ST-segment 
changes >0.05 mV 


T-wave inversions >0.2 mV 


Normal or unchanged ECG during an 
episode of chest discomfort 




Bundle-branch block, new or presumed 
new 

Sustained ventricular tachycardia 


Pathological Q waves 










Cardiac markers 


Markedly elevated (eg, TnT or Tn) >0.1 
ng/mL) 


Slightly elevated (eg, TnT >Q,Q1 but <0.1 
ng/mL) 


Normal 



An estimation of the short-term risks of death and nonfatal cardiac ischemic events in UA is a complex multivariate problem that cannot be fully specified in a 
table such as this. Therefore, the table is meant to offer general guidance and illustration rather than rigid algorithms. 

Adapted with permission from Braunwald E, Mark DB r Jones RH, et al. Unstable angina: diagnosis and management Rockville, MD: Agency for Health Care Policy 
and Research and the National Heart, Lung, and Blood Institute, US Public Health Service, US Department of Health and Human Services; 1994; AHCPR Publication 
No. 94-0602, AHCPR Clinical Practice Guideline No. 10, Unstable Angina: Diagnosis and Management, May 1994. 



Class III 

1, Total CK (without MB), aspartate aminotransferase 
(AST, SGOT), j3-hydroxybutyric dehydrogenase, 
and/or lactate dehydrogenase should be the marker 
for the detection of myocardial injury in patients 
with chest discomfort suggestive of ACS. (Level of 
Evidence: C) 

Estimation of the Level of Risk 

The medical history, physical examination, ECG, and bio- 
chemical cardiac marker measurements in patients with 
symptoms suggestive of ACS at the time of initial presenta- 
tion can be integrated into an estimate of the risk of death and 
nonfatal cardiac ischemic events. An estimation of the level 
of risk is a multivariable problem that cannot be simply 
quantified. Table I is illustrative of the general relationships 
between clinical and ECG findings and the categorization of 
patients into those at a low, an intermediate, or a high level of 
risk of events. 

Because patients with new or severe ischemic discomfort 
are at an increased risk of cardiac death and nonfatal ischemic 
events, an assessment of the prognosis should set the pace of 
initial evaluation and treatment. An estimation of risk is 
useful in (1) selection of the site of care (coronary care unit, 
monitored step-down unit, or outpatient setting) and (2) se- 
lection of therapy, especially platelet glycoprotein (GP) 
Ilb/IIIa inhibitors (see Section III. B) and coronary revascu- 
larization (see Section IV). For all modes of presentation of 



an ACS, a strong relationship exists between indicators of the 
likelihood of ischemia due to CAD and prognosis. Therefore, 
an assessment of the likelihood of CAD is the starting point 
for determination of the prognosis of patients who present 
with symptoms that are suggestive of an ACS. Other impor- 
tant elements for prognostic assessment are the tempo of the 
patient's clinical course, which relates to the short-term risk 
of future cardiac events, principally AMI, and the patient's 
likelihood of survival should an acute ischemic event occur. 

The 5 most important factors from the initial history that 
relate to the likelihood that the patient is experiencing an 
episode of ischemia due to CAD are (1) the nature of the 
symptoms, (2) a prior history of CAD, (3) age, (4) sex, and 
(5) the number of traditional risk factors that are present for 
CAD. Patients with UA may have discomfort that has all of 
the qualities of typical angina except that the episodes are 
more severe and prolonged, may occur at rest, or may be 
precipitated by less exertion than was previously necessary. 

Recommendation for the Diagnosis of Noncardiac 
Causes of Symptoms 

Class I 

1. The initial evaluation of the patient with suspected 
ACS should include a search for noncoronary causes 
that could explain the development of symptoms. 
(Level of Evidence: C) 
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Information from the initial history, physical examination, 
and ECG will enable the physician to recognize and exclude 
from further assessment patients classified as "not having 
ischemic discomfort." This includes patients with noncardiac 
pain and patients with cardiac pain that is not caused by 
myocardial ischemia. The remaining patients should undergo 
a more complete evaluation of secondary causes of UA that 
might alter management. In patients with secondary angina, 
factors that increase myocardial oxygen demand or decrease 
oxygen delivery to the heart may provoke or exacerbate 
ischemia in the presence of significant underlying CAD. 

The major objectives of the physical examination are to 
identify potential precipitating causes of myocardial ischemia 
(eg, uncontrolled hypertension or thyrotoxicosis) and evi- 
dence of other cardiac disease (eg, aortic stenosis or hyper- 
trophic cardiomyopathy), and comorbid conditions (eg } pul- 
monary disease) and to assess the hemodynamic impact of the 
ischemic event. 

Assessment of Risk of Death in Patients 
With UA/NSTEMI 

The AHCPR guidelines "Unstable Angina: Diagnosis and 
Management" identified low-risk UA patients as those with- 
out rest or nocturnal angina and with normal or unchanged 
ECGs. High-risk patients were identified as those with 
pulmonary edema; ongoing rest pain for >20 minutes; angina 
with Sj gallop, rales, or new or worsening mitral regurgitation 
murmur; hypotension; or dynamic ST-segment change of 
^1 mm. Patients without low- or high-risk features were 
termed to be at intermediate risk. The present guidelines 
endorse these principles (Table 1) but indicate that a rapid 
tempo of angina, a prior MI, and elevation of the cardiac- 
specific troponin level are also strong predictors of the risk of 
an adverse outcome. The tempo of angina is characterized by 
an assessment of changes in the duration of episodes, their 
frequency, and the anginal threshold. 

Tools for Risk Stratification 

Although imperfect, the 12-lead ECG lies at the center of the 
decision pathway for the evaluation and management of 
patients with ischemic discomfort. A recording made during 
an episode of the presenting symptoms is particularly valu- 
able. Importantly, transient ST-segment changes (^0.05 mV) 
that develop during a symptomatic episode at rest and that 
resolve when the patient becomes asymptomatic strongly 
suggest acute ischemia and a very high likelihood of under- 
lying severe CAD. 

CK-MB has until recently been the principal serum cardiac 
marker used in the evaluation of ACS. Despite its common 
use, CK-MB has several limitations (Table 2). Low levels of 
CK-MB in the blood of healthy individuals limit its specific- 
ity for myocardial necrosis. CK-MB levels may also be 
elevated with severe damage of skeletal muscle. 

Monoclonal antibody— based immunoassays have been de- 
veloped to detect cardiac-specific TnT (cTnT) and cardiac- 
specific Tnl (cTnl), Because cTnT and cTnl are not detected 
in the blood of healthy individuals, the cutoff value for 
elevated cTnT and cTnl levels may be set to slightly above 
the upper limit of the assay of a normal healthy population, 



leading to the terms "minor myocardial damage" or "micro- 
infarction" for patients with detectable troponin but no 
CK-MB in the blood. It is estimated that =«30% of patients 
who present with rest pain without ST-segment elevation and 
would otherwise be diagnosed as having UA because of a 
lack of CK-MB elevation actually have NSTEMI when 
assessed with cardiac-specific troponin assays. 

Elevated levels of cTnT or cTnl convey prognostic infor- 
mation beyond that supplied by the clinical characteristics of 
the patient, the ECG at presentation, and a predischarge 
exercise test. Furthermore, among patients without ST- 
segment elevation and normal CK-MB levels, elevated cTnl 
or cTnT concentrations identify those at an increased risk of 
death. Finally, there is a quantitative relationship between the 
quantity of cTnl or cTnT that is measured and the risk of 
death in patients who present with UA/NSTEMI (Figure 1). 
Patients who present without ST-segment elevation and have 
elevated cardiac-specific troponin levels may receive a 
greater treatment benefit from platelet GP Ilb/IIIa inhibitors 
and low-molecular-weight heparin (LMWH). 

Table 2 provides a comparison of the advantages and 
disadvantages of various cardiac markers for the evaluation 
and management of patients with suspected ACS but without 
ECG ST-segment elevation. The troponins offer greater 
diagnostic sensitivity due to their ability to identify patients 
with lesser amounts of myocardial damage. Nevertheless, 
these lesser amounts of damage are associated with a high 
risk in patients with ACSs, because they are thought to 
represent microinfarctions that result from microemboli from 
an unstable plaque. Cardiac-specific troponins are gaining 
acceptance as the primary biochemical cardiac marker in 
ACS, Although not quite as sensitive or specific as the 
troponins, CK-MB by mass assay remains a very useful 
marker for the detection of more than minor myocardial 
damage. A normal CK-MB level, however, does not exclude 
the minor myocardial damage and its attendant risk of 
adverse outcomes detectable with cardiac-specific troponins. 
Because of its poor cardiac specificity in the setting of 
skeletal muscle injury and its rapid clearance from the 
bloodstream, myoglobin should not be used as the only 
diagnostic marker for the identification of patients with 
NSTEMI, but its early appearance with myocardial injury 
makes its absence quite useful in ruling out myocardial 
necrosis. 

When a central laboratory is used to measure biochemical 
cardiac markers, results should be available within 60 min- 
utes and preferably within 30 minutes. Point-of-care systems, 
if implemented at the bedside, have the advantage of reducing 
delays due to transportation and processing in a central 
laboratory and can eliminate delays due to the lack of 
availability of central laboratory assays at all hours. These 
advantages of point-of care systems must be weighed against 
the need for stringent quality control and appropriate training 
of ED personnel in assay performance. 

Given the increasing interest in the hypothesis that desta- 
bilization of atherosclerotic plaques may result from inflam- 
matory processes, several groups have evaluated markers of 
the acute phase of inflammation such as CRP in patients with 
UA, Patients who do not have biochemical evidence of 
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TABLE 2. Biochemical Cardiac Markers far the Evaluation and Management of Patients Suspected of Having an ACS but Without 
ST-Segment Elevation on 12-Lead ECG 



Marker 



Disadvantages 



Point of 
Care Test 
Available 



Comment 



Clinical Recommendation 



CK-MB 1. Rapid, 

cost-efficient, 
accurate assays 
2. Ability to detect 
early reintarction 



CK-MB isoforms Early detection of MI 



Myoglobin 



1 . Loss of specificity in setting of 
skeletal muscle disease or injury 
including surgery 

2. Low sensitivity during very early 
Ml (<6 h after symptom onset) or 
later after symptom onset (>36 h) 
and for minor myocardial damage 
(detectable by troponins) 

1. Specificity profile similar to CK-MB 

2. Current assays require special 
expertise 



1 . Very low specificity in setting of 
skeletal muscle injury or disease 

2. Rapid return to normal range 
limits sensitivity for later 
presentations 



LHigh sensitivity 

2. Useful in early 
detection of Ml 

3. Detection of 
reperfusion 

4. Most useful in 
ruling out Ml 



Cardiac troponins 1 . Powerful tool for 1 . Low sensitivity in very early phase 



risk stratification 

2, Greater sensitivity 
and specificity than 
CK-MB 

3, Detection of recent 
Ml up to 2 wk after 
onset 

4, Useful for selection 
of therapy 

5, Detection of 
reperfusion 



of Ml (<6 h after symptom onset) 
and requires repeat measurement 
at 8-12 h, if negative 
. Limited ability to detect late minor 
reinfarction 



Yes 



No 



Yes 



Yes 



Familiar to majority of 
clinicians 



Experience to date 
predominantly in dedicated 
research centers 



More convenient early 
marker than CK-MB 
isoforms because of greater 
availability of assays for 
myoglobin 

Rapid-release kinetics make 
myoglobin useful for 
noninvasive monitoring of 
reperfusion in patients with 
established Ml 

Data on diagnostic 
performance and potential 
therapeutic implications 
increasingly available from 
clinical trials 



Prior standard and still 
acceptable diagnostic test 
in most clinical 
circumstances 



Useful for extremely early 
(3-6 h after symptom 
onset) detection of Ml in 
centers with demonstrated 
familiarity with assay 
technique 

Should not be used as only 
diagnostic marker because 
of lack of cardiac 
specificity 



Useful as a single test to 
efficiently diagnose NSTEMt 
(including minor myocardial 
damage), with serial 
measurements; clinicians 
should familiarize 
themselves with diagnostic 
"cutoffs" used in their local 
hospital laboratory 



myocardial necrosis but have an elevated CRP level appear to 
be at increased risk of an adverse outcome, especially those 
whose CRP levels are markedly elevated. 

C. Immediate Management 
Recommendations 

Class I 

1. The history, physical examination, 12-lead ECG, 
and initial cardiac marker tests should be integrated 
to assign patients with chest pain to 1 of 4 categories; 
a noncardiac diagnosis, chronic stable angina, pos- 
sible ACS, and definite ACS. (Level of Evidence: C) 

2, Patients with definite or possible ACS but whose 
initial 12-lead ECG and cardiac marker levels are 
normal should be observed in a facility with cardiac 
monitoring (eg, chest pain unit), and a repeat ECG 
and cardiac marker measurement should be ob- 
tained 6 to 12 hours after the onset of symptoms. 
(Level of Evidence: B) 



3. If the follow-up 12-lead ECG and cardiac marker 
measurements are normal, a stress test (exercise or 
pharmacological) to provoke ischemia may be per- 
formed in the ED, in a chest pain unit, or on an 
outpatient basis shortly after discharge. Low-risk 
patients with a negative stress test can be managed 
as outpatients. (Level of Evidence: C) 

4. Patients with definite ACS and ongoing pain, posi- 
tive cardiac markers, new ST-scgment deviations, 
new deep T-wave inversions, hemodynamic abnor- 
malities, or a positive stress test should be admitted 
to the hospital for further management. (Level of 
Evidence: C) 

5. Patients with possible ACS and negative cardiac 
markers who are unable to exercise or who have an 
abnormal resting ECG should have a pharmacolog- 
ical stress test. (Level of Evidence: B) 

6. Patients with definite ACS and ST-segment elevation 
should be evaluated for immediate reperfusion ther- 
apy. (Level of Evidence: A) 
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Troponin I Levels to Predict the Risk of Mortality 
in Acute Coronary Syndromes 




0 to <0.4 0.4 to < I .0 t .0 to <2.0 2.0 to <5.0 5,0 to <9.0 >9X) 



Cardiac Troponin t (ng/ml) 



3.9 
13-117 



6.2 
1.7-22.3 



7.8 

2.6-23.0 



Risk Ratio 1,0 1.8 3,S 

95% Confidence — 0.5-6.7 1. 2-10.6 
Interval 

Figure 1. Relationship between cardiac troponin levels and risk 
of death in patients with ACS. Used with permission from Ant- 
man EM, Tanasijevic MJ, Thompson B, et ah Cardiac-specific 
troponin I levels to predict the risk of mortality in patients with 
acute coronary syndromes. N EngiJMed. 1996;335:1342-1349, 



Through the integration of information from the history, 
physical examination, 124ead ECG, and initial biochemical 
cardiac marker tests, clinicians can assign patients to 1 of 4 
categories: noncardiac diagnosis, chronic stable angina, pos- 
sible ACS, and definite ACS (Figure 2). Patients with 



possible ACS are those who had a recent episode of chest 
discomfort at rest that was not entirely typical of ischemia but 
are pain free when initially evaluated, have a normal or 
unchanged ECG, and have no elevations of cardiac markers. 
Patients with a recent episode of typical ischemic discomfort 
that is either of new onset or severe or exhibits an accelerating 
pattern of previous stable angina (especially if it has occurred 
at rest or is within 2 weeks of a previously documented MI) 
should initially be considered to have definite ACS. However, 
such patients may be at low risk if the ECG obtained at 
presentation has no diagnostic abnormalities and the initial 
cardiac markers (especially a cardiac-specific troponin) are 
normal. 

To facilitate a more definitive evaluation while avoiding 
the unnecessary hospital admission of patients with possible 
ACS and low-risk ACS and the inappropriate discharge of 
patients with active myocardial ischemia without ST eleva- 
tion, special units have been devised that are variously 
referred to as "chest pain units" and "short-stay ED coronary 
care units." These units use critical pathways or protocols 
designed to arrive at a decision about the presence or absence 
of myocardial ischemia and, if present, to characterize it as 
UA or NSTEMI and to define the optimal next step in the care 
of the patient (eg, discharge, admission, acute intervention). 
The goal is to arrive at such a decision after a finite amount 
of time, usually between 6 and 12 hours. 

Patients who arrive at a medical facility in a pain-free state, 
have unchanged or normal ECGs, are hemodynamically 
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Figure 2. Algorithm for the evaluation and management of patients suspected of having an ACS, 
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stable, and do not have elevated cardiac markers represent 
more of a diagnostic than an urgent therapeutic challenge. 
Evaluation begins in these patients by obtaining information 
from the history, physical examination, and ECG (Table 1) to 
be used to confirm or reject the diagnosis of UA/NSTEMI. 
Patients with possible ACS are candidates for additional 
observation in a specialized facility (eg, chest pain unit). 
Patients with definite ACS are triaged based on the pattern of 
the 12-lead ECG. Patients with ST-segment elevation are 
evaluated for immediate reperfusion therapy and managed 
according to the ACC/AHA Guidelines for Management of 
Patients with Acute Myocardial Infarction, whereas those 
without ST-segment elevation are managed with either ad- 
mission to the hospital or additional observation. During such 
observation, patients who experience recurrent ischemic dis- 
comfort, evolve abnormalities on a follow-up 12-lead ECG or 
cardiac marker measurement, or develop hemodynamic ab- 
normalities such as new or worsening congestive heart failure 
(CHF) should be admitted to the hospital and managed as 
described in Section IIL If the patient is at low risk (Table 1) 
and does not experience any further ischemic discomfort and 
his or her follow-up 12-lead ECG and cardiac marker 
measurements after 6 to 8 hours of observation remain 
normal, the patient may be considered for an early stress test 
to provoke ischemia. Patients discharged from the chest pain 
unit or ED should be counseled to make an appointment with 
their primary care physician as outpatients for further inves- 
tigation into the cause of their symptoms. They should be 
seen by a physician within 72 hours of discharge from the ED 
or chest pain unit. 

III. Hospital Care 

The hospital care of patients with UA/NSTMEI is outlined 
in Figure 3. 

A. Anti-Ischcmic Therapy 

Recommendations 

Class I 

1* Bed rest with continuous ECG monitoring for ische- 
mia and arrhythmia detection in patients with on- 
going rest pain. (Level of Evidence: C) 

2. Nitroglycerin (NTG), sublingual tablet or spray, 
followed by intravenous administration, for imme- 
diate relief of ischemia and associated symptoms. 
(Level of Evidence: C) 

3. Supplemental oxygen for patients with cyanosis or 
respiratory distress; finger pulse oximetry or arteri- 
al blood gas determination to confirm adequate 
arterial oxygen saturation (Sao 2 >90%) and contin- 
ued need for supplemental oxygen in the presence of 
hypoxemia, (Level of Evidence: C) 

4. Morphine sulfate intravenously when symptoms are 
not immediately relieved with NTG or when acute 
pulmonary congestion and/or severe agitation is 
present (Level of Evidence: C) 

5. A /3-blocker, with the first dose administered intra- 
venously if there is ongoing chest pain, followed by 
oral administration, in the absence of contraindica- 
tions, (Level of Evidence: B) 



6. In patients with continuing or frequently recurring 
ischemia when /^-blockers are contraindicated, a 
nondihydropyridine calcium antagonist (eg, verap- 
amil or diltiazem), followed by oral therapy, as 
initial therapy in the absence of severe LV dysfunc- 
tion or other contraindications. (Level of Evidence; 
B) 

7. An ACEI when hypertension persists despite treat- 
ment with NTG and a /3-blocker in patients with LV 
systolic dysfunction or CHF and in ACS patients 
with diabetes. (Level of Evidence: B) 

Class II a 

1. Oral long-acting calcium antagonists for recurrent 
ischemia in the absence of contraindications and 
when /3-blockers and nitrates are fully used. (Level 
of Evidence: C) 

2. An ACEI for all post-ACS patients. (Level of Evi- 
dence: B) 

3. Intra-aortic balloon pump counterpulsation for se- 
vere ischemia that Is continuing or recurs frequently 
despite intensive medical therapy or for hemody- 
namic instability in patients before or after coronary 
angiography. (Level of Evidence: C) 

Class lib 

1. Extended-release form of nondihydropyridine cal- 
cium antagonists instead of a /3-blockcr. (Level of 
Evidence: B) 

2, Immediate-release dihydropyridine calcium antago- 
nists in the presence of a /3-blockcr, (Level of 
Evidence: B) 

Class III 

1. NTG or other nitrate within 24 hours of sildenafil 
(Viagra) use. (Level of Evidence: C) 

2. Immediate-release dihydropyridine calcium antago- 
nists in the absence of a /3-blockcr. (Level of Evi- 
dence: A) 

Patients should be placed at bed rest while ischemia is 
ongoing but can be mobilized to a chair and bedside com- 
mode when symptom free. Patients with cyanosis, respiratory 
distress, or other high-risk features should receive supple- 
mental oxygen. Adequate arterial oxygen saturation should be 
confirmed with direct measurement or pulse oximetry. In- 
haled oxygen should be administered if the arterial oxygen 
saturation (Sao 2 ) declines to <9Q%. Finger pulse oximetry is 
useful for continuous monitoring of Sao 2 but is not mandatory 
in patients who do not appear to be at risk of hypoxia. Patients 
should undergo continuous ECG monitoring during their ED 
evaluation and early hospital phase, because sudden, unex- 
pected ventricular fibrillation is the major preventable cause 
of death in this early period. Furthermore, monitoring for 
recurrence of ST-segment shifts provides useful diagnostic 
and prognostic information, although the system of monitor- 
ing for ST-segment shifts must include specific methods 
intended to provide stable and accurate recordings. 

Patients whose symptoms are not relieved with three 
0.4-mg sublingual nitroglycerin (NTG) tablets or spray taken 
5 minutes apart and initiation of an intravenous /3-blocker 
(when there are no contraindications), as well as ail nonhy- 
potensive high-risk patients (Table 1), may benefit from 
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intravenous NTG, and such therapy is recommended in the 
absence of contraindications (ie s the use of sildenafil within 
the previous 24 hours or hypotension). Intravenous NTG may 
be initiated at a rate of 10 jxg/min via continuous infusion 
with nonabsorbing tubing and increased by 1 0 ^Lg/min every 
3 to 5 minutes until some symptomatic or blood pressure 
response is noted. 

Topical or oral nitrates are acceptable alternatives for 
patients without ongoing refractory symptoms. Tolerance to 
the hemodynamic effects of nitrates is dose and duration 
dependent and typically becomes important after 24 hours of 
continuous therapy with any formulation. Patients who re- 
quire continued intravenous NTG beyond 24 hours may 
require periodic increases in the infusion rate to maintain 
efficacy. An effort must be made to use non-tolerance- 
producing nitrate regimens (lower dose and intermittent 
dosing). 

Morphine sulfate at a rate of 1 to 5 mg IV is recommended 
for patients whose symptoms are not relieved after 3 serial 
sublingual NTG tablets or whose symptoms recur despite 
adequate anti-ischemic therapy. Unless contraindicated by 
hypotension or intolerance, morphine may be administered 
along with intravenous NTG, with careful blood pressure 
monitoring, and may be repeated every 5 to 30 minutes as 
needed to relieve symptoms and maintain patient comfort. 



j3-Blockers should be started early in the absence of contra- 
indications. These agents should be administered intravenously, 
followed by oral administration, in high-risk patients, as well as 
in patients with ongoing rest pain, or orally for intermediate- and 
low-risk patients. Several regimens may be used. For example, 
intravenous metoprolol may be administered in 5-mg increments 
via slow intravenous administration (5 mg every 1 to 2 minutes) 
and repeated every 5 minutes for a total initial dose of 15 mg. In 
patients who tolerate the total 15-mg intravenous dose, oral 
therapy should be initiated 15 minutes after the last intravenous 
dose at 25 to 50 mg every 6 hours for 48 hours. Thereafter, 
patients should receive a maintenance dose of 100 mg twice 
daily. Monitoring during intravenous /3-blocker therapy should 
include frequent checks of heart rate and blood pressure and 
continuous ECG monitoring, as well as auscultation for rales and 
bronchospasm. 

Calcium antagonists may be used to control ongoing or 
recurring ischemia-related symptoms in patients who are 
already receiving adequate doses of nitrates and /3-blockers, 
in patients who are unable to tolerate adequate doses of 1 or 
both of these agents, or in patients with variant angina (see 
Section VL F). In addition, these drugs have been used for the 
management of hypertension in patients with recurrent UA. 
Rapid-release, short-acting dihydropyridines (eg, nifedipine) 
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must be avoided in the absence of adequate concurrent 
j8-blockade in ACS, because controlled trials suggest in- 
creased adverse outcomes. When /3-blockers cannot be used, 
heart rate-slowing calcium antagonists (eg, verapamil or 
diltiazem) offer an alternative. When required for the control 
of refractory symptoms, these agents can be used early during 
the hospital phase even in patients with mild left ventricular 
(LV) dysfunction, although the combination of a j8-blocker 
and calcium antagonist may act in synergy to depress LV 
function. 

Angiotensin-converting enzyme inhibitors (ACEIs) have 
been shown to reduce mortality rates in patients with AMI 
and in patients with recent MI or with LV systolic dysfunc- 
tion, in diabetic patients with LV dysfunction, and in a broad 
spectrum of patients with high-risk chronic CAD. Accord- 
ingly, ACEIs should be used in such patients as well as in 
those with hypertension that is not controlled with j3-blockers 
and nitrates. 

B. Antiplatelet and Anticoagulation Therapy 
Recommendations 

Class 1 

1* Antiplatelet therapy should be initiated promptly. 
Aspirin (ASA) is the first choice and is administered 
as soon as possible after presentation and continued 
indefinitely. (Level of Evidence: A) 

2. A thienopyridine (clopidogrel or ticlopidine) should 
be administered to patients who are unable to take 
ASA because of hypersensitivity or major gastroin- 
testinal intolerance. (Level of Evidence: B) 

3* Parenteral anticoagulation with intravenous unfrac- 
tionated heparin (UFH) or with subcutaneous 
LMWH should be added to antiplatelet therapy with 
ASA, or a thienopyridine. (Level of Evidence: B) 

4. A platelet GP Ilb/IIIa receptor antagonist should be 
administered, in addition to ASA and UFH, to 
patients with continuing ischemia or with other 
high-risk features (see Table 2) and to patients in 
whom a percutaneous coronary intervention (PCI) is 
planned* Eptifibatide and tirofiban arc approved for 
this use. (Level of Evidence: A) Abciximab can also 
be used for 12 to 24 hours in patients with UA/ 
NSTEMI in whom a PCI is planned within the next 
24 hours. (Level of Evidence: A) 

Class 111 

L Intravenous thrombolytic therapy in patients with- 
out acute ST-segment elevation, a true posterior MI, 
or a presumed new left bundle-branch block. (Level 
of Evidence: A) 

Antithrombotic therapy is essential to modify the disease 
process and its progression to death, MI, or recurrent MI. A 
combination of ASA, UFH, and a platelet GP Ilb/IIIa receptor 
antagonist represents the most effective therapy. The intensity 
of treatment is tailored to individual risk, and triple anti- 
thrombotic treatment should be used in patients with continu- 
ing ischemia or with other high-risk features and in patients in 
whom an early invasive strategy is planned. 



Some of the strongest evidence available about the long- 
term prognostic effects of therapy in CAD patients pertains to 
ASA. Among all clinical investigations with ASA, trials in 
UA/NSTEMI have most consistently documented a striking 
benefit of the drug despite differences in study design, such as 
time of entry after the acute phase, duration of follow-up, and 
doses. ASA should be initiated at a daily dose of 160 or 325 
mg in patients with UA/NSTEML In patients who present 
with suspected ACS who are not already receiving ASA, the 
first dose may be chewed to establish a high blood level 
rapidly. Subsequent doses may be swallowed. Thereafter, 
daily doses of 75 to 325 mg are prescribed. 

Few contraindications to ASA exist; these are intolerance 
and allergy (primarily manifested as asthma), active bleeding, 
hemophilia, active retinal bleeding, severe untreated hyper- 
tension, an active peptic ulcer, or another serious source of 
gastrointestinal or genitourinary bleeding. Gastrointestinal 
side effects such as dyspepsia and nausea are infrequent with 
the low doses. 

Two thienopyridines, ticlopidine and clopidogrel, are aden- 
osine diphosphate (ADP) antagonists that are currently ap- 
proved for antiplatelet therapy. The platelet effects of ticlo- 
pidine and clopidogrel are irreversible but take several days 
to become completely manifest. The adverse effects of 
ticlopidine limit its usefulness and include gastrointestinal 
problems (eg, diarrhea, abdominal pain, nausea, vomiting), 
neutropenia in ^2.4% of patients, severe neutropenia in 0.8% 
of patients, and, rarely, thrombotic thrombocytopenia purpura 
(TTP). Neutropenia usually resolves within 1 to 3 weeks of 
the discontinuation of therapy but very rarely may be fatal. 

Ticlopidine and clopidogrel are useful antiplatelet drugs 
for secondary prevention with an efficacy at least similar to 
that of ASA. These drugs are indicated in patients with 
UA/NSTEMI who are unable to tolerate ASA due to either 
hypersensitivity or major gastrointestinal contraindications — 
principally recent significant bleeding from a peptic ulcer or 
gastritis, Care must be taken during the acute phase with these 
drugs because of the delays required to achieve a full 
antiplatelet effect. Clopidogrel is preferred to ticlopidine 
because it has a more favorable safety profile. 

Heparin is a key component in the antithrombotic manage- 
ment of UA/NSTEML The results of the studies that have 
compared the combination of ASA and either UFH or 
LMWH with the use of ASA alone have shown reductions in 
the rate of death or MI during the first week of 50% to 60%, 

UFH has important pharmacokinetic limitations that are 
related to its nonspecific binding to proteins and cells. These 
limitations translate into poor bioavailability, especially at 
low doses, and marked variability in anticoagulant response 
among patients. As a consequence, the anticoagulant effect of 
UFH requires monitoring according to the activated partial 
thromboplastin time. The dose of UFH should be titrated to 
an activated partial thromboplastin time that is 1.5 to 2.5 
times control. Serial hemoglobin/hernatocrtt and platelet mea- 
surements should be taken at least daily during UFH therapy. 
Advantages of LMWH preparations are the ease of subcuta- 
neous administration and the absence of a need for monitor- 
ing. Furthermore, the LMWHs stimulate platelets less than 
does UFH and are less frequently associated with heparin- 
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induced thrombocytopenia. However, they appear to be 
associated with significantly more frequent minor, but not 
major, bleeding. 

Two trials with enoxaparin, an LMWH, have shown a 
moderate benefit over UFH, and 2 trials, 1 with dalteparin 
and 1 with nadroparin, have shown neutral or unfavorable 
trends. A meta-analysis of the 2 trials with enoxaparin that 
involves a total of 7081 patients showed a statistically 
significant reduction of ==20% in the rate of death, MI, or 
urgent revascularization and in the rate of death or MI at 8, 
14, and 43 days. There was a trend toward a reduction in 
death as well. 

Platelet GP Ilb/IIIa Receptor Antagonists 

The GP Ilb/IIIa receptor (atnbft integrin) is abundant on the 
platelet surface. When platelets are activated, this receptor 
undergoes a change in configuration that increases its affinity 
for binding to fibrinogen and other ligands. Binding of 
molecules of fibrinogen to receptors on different platelets 
results in platelet aggregation. This mechanism is indepen- 
dent of the stimulus for platelet aggregation and represents 
the final and obligatory pathway for platelet aggregation. The 
platelet GP Ilb/IIIa receptor antagonists act by preventing 
fibrinogen binding and thereby preventing platelet 
aggregation. 

The various GP Ilb/IIIa antagonists, however, possess 
significantly different pharmacokinetic and pharmacody- 
namic properties, Abciximab is a Fab fragment of a human- 
ized murine antibody that has a short plasma half-life but 
strong affinity for the receptor, resulting in some receptor 
occupancy that persists for weeks. Platelet aggregation grad- 
ually returns to normal 24 to 48 hours after the discontinua- 
tion of the drug, Abciximab is not specific for GP Ilb/IIIa and 
inhibits the vitronectin receptor (a^ 3 ) on endothelial cells 
and the MAC-1 receptor on leukocytes as well. Eptifibatide is 
a cyclic heptapeptide that contains the KGD (Lys-Gly-Asp) 
sequence; tirofiban is a nonpeptide mimetic of the RGD 
(Arg-Gly-Asp) sequence of fibrinogen. Receptor occupancy 
with these 2 synthetic antagonists is in general in equilibrium 
with plasma levels. They have a half-life of 2 to 3 hours and 
are highly specific for the GP Ilb/IIIa receptor, with no effect 
on the vitronectin receptor (a v fr integrin). 

The efficacy of GP Ilb/IIIa antagonists in prevention of the 
complications associated with percutaneous interventions has 
been documented in numerous trials, many of which are 
composed entirely or in large part of patients with UA. Two 
trials with tirofiban and I trial with eptifibatide have also 
documented their efficacy in UA/NSTEMI patients, of whom 
only some underwent interventions. Abciximab has been 
studied primarily in PCI trials, in which its administration 
consistently showed a significant reduction in the rate of MI 
and the need for urgent revascularization. Because the various 
agents have not been compared directly with each other, their 
relative efficacy is not known. 

The cumulative event rates observed during the phase 
of medical management and at the time of PCI in the c7E3 
Fab Antiplatelet Therapy in Unstable Refractory Angina 
(CAPTURE) (abciximab), Platelet Receptor Inhibition in 
Ischemic Syndrome Management in Patients Limited by 



Unstable Signs and Symptoms (PRISM-PLUS) (tirofiban), 
and Platelet Glycoprotein Ilb/IIIa in Unstable Angina: Re- 
ceptor Suppression Using Integrilin Therapy (PURSUIT) 
(eptifibatide) trials are shown in Figure 4, Each trial has 
shown a statistically significant reduction in the rate of death 
or MI during the phase of medical management; the reduction 
in event rates was magnified at the time of the intervention. 

Treatment with a GP Ilb/IIIa antagonist increases the risk 
of bleeding, which is typically mucocutaneous or involves the 
access site of vascular intervention. No trials have shown an 
excess of intracranial bleeding with a GP Ilb/IIIa inhibitor. 
Blood hemoglobin and platelet counts should be monitored 
and patient surveillance for bleeding should be carried out 
daily during the administration of GP Ilb/IIIa receptor block- 
ers. Thrombocytopenia is an unusual complication of this 
class of agents. ASA has been used with the intravenous GP 
Ilb/IIIa receptor blockers in all trials. A strong case can also 
be made for the concomitant use of heparin with GP Ilb/IIIa 
receptor blockers. Information is currently being gained 
concerning the safety and efficacy of the combination of 
LMWH and GP Ilb/IIIa inhibitors. 

The failure of intravenous thrombolytic therapy to improve 
clinical outcomes in UA/NSTEMI has been clearly demon- 
strated in several trials, 

C» Risk Stratification 
Recommendations 

Class 1 

1. Noninvasive stress testing in low-risk patients (Table 
1) who have been free of ischemia at rest or with 
low-level activity and of CHF for a minimum of 12 to 
24 hours. (Level of Evidence: C) 

2* Noninvasive stress testing in patients at intermediate 
risk (Tabic 1) who have been free of ischemia at rest 
or with low-level activity and of CHF for a minimum 
of 2 or 3 days. (Level of Evidence: C) 

3. Choice of stress test is based on the resting ECG, 
ability to perform exercise, local expertise, and 
technologies available. Treadmill exercise is suitable 
in patients able to exercise in whom the ECG is free 
of baseline ST-segment abnormalities, bundle- 
branch block, LV hypertrophy, intraventricular 
conduction defect, paced rhythm, preexcitation, or 
digoxin effect. (Level of Evidence: C) 

4. An imaging modality is added in patients with 
resting ST-segment depression (^0.10 mV), LV hy- 
pertrophy, bundle-branch block, intraventricular 
conduction defect, preexcitation, or digoxin who are 
able to exercise. In patients undergoing a low-level 
exercise test, an imaging modality may add sensitiv- 
ity. (Level of Evidence: C) 

5. Pharmacological stress testing with imaging when 
physical limitations (eg, arthritis, amputation, severe 
peripheral vascular disease, severe chronic obstruc- 
tive pulmonary disease, general debility) preclude 
adequate exercise stress. (Level of Evidence: B) 

6. Prompt angiography without noninvasive risk strat- 
ification for failure of stabilization with intensive 
medical treatment (Level of Evidence: B) 
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Class Ha 

1. A noninvasive test (echocardiogram or radionuclide 
angiogram) to evaluate LV function in patients with 
definite ACS who arc not scheduled for coronary 
arteriography and left ventriculography. (Level of 
Evidence: C) 

The management of patients with an ACS requires continu- 
ous risk stratification. Important prognostic information is 
derived from a careful initial assessment and the patient's 
course over the first few days of management and the 
response to anti-ischemic and antithrombotic therapy. The 
goals of noninvasive testing are to (1) determine the presence 
or absence of ischemia in patients at low likelihood of CAD 
and (2) estimate prognosis. 

Because of simplicity, lower cost, and widespread famil- 
iarity with performance and interpretation, the standard low- 
level exercise ECG stress test remains the most reasonable 
test in patients able to exercise who have a resting ECG that 
is interpretable for ST-segment shifts. Patients with an ECG 
pattern that would interfere with interpretation of the ST 
segment should have an exercise test with imaging. Patients 
who are unable to exercise should have a pharmacological 
stress test with imaging. A low-level exercise test (eg, to 
completion of Bruce Stage II) may be carried out in low-risk 
patients (Table I) who have been asymptomatic for 12 to 24 
hours. A symptom-limited test can be conducted in patients 
without evidence of ischemia for 7 to 10 days. 

In contrast to the noninvasive tests* coronary angiography 
provides detailed structural information to allow an assess- 



Figure 4. Kaplan-Meier curves showing 
cumulative incidence of death or Ml in 
patients randomly assigned to platelet GP 
llb/lila receptor antagonist (bold line) or pla- 
cebo. Data are derived from the CAPTURE, 
PURSUIT, and PRISM-PLUS trials. Left, 
Events during the initial period of medical 
treatment until the moment of PCI or CABG. 
In the CAPTURE trial, abciximab was admin- 
istered for 18 to 24 hours before the PCI was 
performed in almost all patients as per study 
design; abciximab was discontinued 1 hour 
after the intervention. In PURSUIT", a PCI was 
performed in 11,2% of patients during a 
period of medical therapy with eptifibatide 
that lasted 72 hours and for 24 hours after 
the intervention. In PRISM-PLUS, an inter- 
vention was performed in 30.2% of patients 
after a 48-hour period of medical therapy 
with tirofiban p and the drug infusion was 
maintained for 12 to 24 hours after an inter- 
vention. Right, Events occurring at the time of 
PCI and the next 48 hours, with the event 
rates reset to 0% before the intervention. CK 
or CK-MB elevations exceeding 2 times the 
upper limit of normal were considered as 
infarction during medical management and 
exceeding 3 times the upper limit of normal 
for PCi-related events. OR indicates odds 
ratio. Adapted with permission from Boersma 
E, Akkertiuis KM, Theroux P, et al. Platelet 
glycoprotein llh/llla receptor inhibition in non- 
ST-elevation acute coronary syndromes: 
early benefit during medical treatment only, 
with additional protection during percutane- 
ous coronary intervention. Circulation. 
1999;100:2045-2048. 

ment of the prognosis and to provide direction for appropriate 
management. When combined with LV angiography, it also 
allows an assessment of global and regional LV function. In 
patients with UA/NSTEMI, coronary angiography typically 
shows the following profile: (1) no severe epicardial stenosis 
in 10% to 20% of patients, (2) significant (>50%) left main 
stenosis in 5% to 10% of patients, (3) multi vessel stenosis in 
40% to 50% of patients, and (4) 1 -vessel stenosis in 30% to 
35% of patients. 

D. Early Conservative Versus Invasive Strategies 

Two different treatment strategies, termed "early conserva- 
tive" and "early invasive," have evolved for patients with 
UA/NSTEML In the early conservative strategy, coronary 
angiography is reserved for patients with evidence of recur- 
rent ischemia (angina or ST-segment changes at rest or with 
minimal activity) or a strongly positive stress test despite 
vigorous medical therapy. In the early invasive strategy, 
patients without clinically obvious contraindications to coro- 
nary revascularization are routinely recommended for coro- 
nary angiography and angiographically directed revascular- 
ization if possible. 

Recommendations 

Class I 

1. An early invasive strategy in patients with UA/ 
NSTEMI and any of the following high-risk indica- 
tors (Level of Evidence: B): 
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a) Patients with recurrent angina/ischemia at rest or 
with low-level activities despite intensive anti-is- 
chemic therapy 

b) Recurrent angina/ischemia with CHF symptoms, 
an S 3 gallop, pulmonary edema, worsening rales, 
or new or worsening mitral regurgitation 

c) High-risk findings on noninvasive stress testing 

d) Depressed LV systolic function (eg, EF <0.40 on 
noninvasive study) 

e) Hemodynamic instability or angina at rest accom- 
panied by hypotension 

f) Sustained ventricular tachycardia 

g) PCI within 6 months 

h) Prior CABG 

2. In the absence of these findings, either an early 
conservative or an early invasive strategy in hospi- 
talized patients without contraindications for revas- 
cularization. (Level of Evidence: B) 

Class Ila 

h An early invasive strategy in patients with repeated 
presentations for ACS despite therapy and without 
evidence of ongoing ischemia or high risk. (Level of 
Evidence: C) 

2. An early invasive strategy in patients >65 years old 
or patients who present with ST-segment depression 
or elevated cardiac markers and no contraindica- 
tions to revascularization. (Level of Evidence: C) 

Class III 

1. Coronary angiography in patients with extensive 
comorbidities (eg, liver or pulmonary failure, can- 
cer), in whom risks of revascularization are not 
likely to outweigh the benefits. (Level of Evidence: 
C) 

2. Coronary angiography in patients with acute chest 
pain and a low likelihood of ACS. (Level of Evi- 
dence: C) 

3. Coronary angiography in patients who will not 
consent to revascularization regardless of the find- 
ings. (Level of Evidence: C) 

Rationale for the Early Invasive Strategy 
In patients with UA/NSTEMI without recurrent ischemia in 
the first 24 hours, the use of early angiography provides a 
convenient approach to risk stratification. It can identify the 
patients with no significant coronary stenoses and those with 
3 -vessel disease with LV dysfunction or left main disease. 
The former group has an excellent prognosis, whereas the 
latter group may derive a survival benefit from coronary 
artery bypass graft surgery (CABG) (see Section IV). In 
addition, early percutaneous revascularization of the culprit 
lesion has the potential to reduce the risk for subsequent 
hospitalization and the need for multiple antianginal drugs 
compared with the early conservative strategy. Some believe 
that proceeding immediately to angiography is an efficient 
approach for the ACS patient Others believe that 12 to 48 
hours of anti-ischemic or antithrombotic therapy is 
preferable. 

In a patient with UA, a history of prior PCI within the past 
6 months suggests the presence of restenosis, which often can 
be effectively treated with repeat PCI, Coronary angiography 
without preceding functional testing is generally indicated. 



Patients with prior CABG represent another subgroup for 
whom a strategy of early coronary angiography is generally 
indicated. In addition, patients with known or suspected 
reduced LV systolic function, including patients with prior 
anterior Q-wave Mis, those with prior measurements that 
show depressed LV function, or those who present with CHF, 
have sufficient risk that the possibility of benefit from 
revascularization procedures merits early coronary angiogra- 
phy without preceding functional testing. 

Rationale for the Early Conservative Strategy 

Clinical evaluation and noninvasive testing aid in the identi- 
fication of most patients who require revascularization, be- 
cause they have markers of high risk, such as advanced age 
(>70 years), prior MI, revascularization, ST-segment devia- 
tion, CHF, or depressed resting LV function (ie, EF <0.40) 
on noninvasive study or noninvasive stress test findings that 
suggest severe ischemia, The remaining larger subgroup of 
patients, however, do not have the findings that portend a 
high risk for adverse outcomes. Accordingly, they are not 
likely to receive such benefit from routine revascularization, 
and coronary arteriography is optional in them. It can be 
safely deferred pending further clinical developments. Deci- 
sions regarding coronary angiography in patients who are not 
high risk according to findings on clinical examination and 
noninvasive testing can be individualized based on patient 
preferences, 

IV. Coronary Revascularization 

Coronary revascularization (PCI or CABG) is carried out to 
improve prognosis, relieve symptoms, prevent ischemic com- 
plications, and improve functional capacity. The decision to 
proceed from diagnostic angiography to revascularization is 
influenced not only by the coronary anatomy but also by a 
number of additional factors, including anticipated life ex- 
pectancy, ventricular function, comorbidity, functional capac- 
ity, severity of symptoms, and quantity of viable myocardium 
at risk. These are all important variables that must be 
considered before revascularization is recommended. For 
example, patients with distal obstructive coronary lesions or 
those who have large quantities of irreversibly damaged 
myocardium are unlikely to benefit from revascularization, 
particularly if they can be stabilized on medical therapy. 
Patients with high-risk coronary anatomy are likely to benefit 
from revascularization in terms of both symptom improve- 
ment and long-term survival. The indications for coronary 
revascularization in patients with UA/NSTEMI are similar to 
those for patients with chronic stable angina (see the ACC/ 
AHA/ACP-ASIM Guidelines for the Management of Patients 
With Chronic Stable Angina and the ACC/AHA Guidelines 
for Coronary Artery Bypass Graft Surgery). 

Recommendations for Revascularization With PCI 
and CABG in Patients With UA/NSTEMI 

Class I 

1. CABG for patients with significant left main CAD. 
(Level of Evidence: A) 
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2. CABG for patients with 3-vessel disease; the survival 
benefit is greater in patients with abnormal LV 
function (EF <0.50), (Level of Evidence: A) 

3. CABG for patients with 2-vessel disease with signif- 
icant proximal left anterior descending CAD and 
cither abnormal LV function (EF <0.50) or demon- 
strable ischemia on noninvasive testing. (Level of 
Evidence: A) 

4. PCI or CABG for patients with 1- or 2-vessel CAD 
without significant proximal left anterior descending 
CAD but with a large area of viable myocardium 
and high-risk criteria on noninvasive testing. (Level 
of Evidence: B) 

5. PCI for patients with multivessel coronary disease 
with suitable coronary anatomy, with normal LV 
function, and without diabetes* (Level of Evidence: 
A) 

6. Intravenous platelet GP Ilb/IIIa inhibitor in UA/ 
NSTEMI patients undergoing PCI. (Level of Evi- 
dence: A) 

Class Ila 

1. Repeat CABG for patients with multiple saphenous 
vein graft (SVG) stenoses, especially when there is 
significant stenosis of a graft that supplies the left 
anterior descending coronary artery (LAD). (Level 
of Evidence: C) 

2. PCI for focal SVG lesions or multiple stenoses in 
poor candidates for reoperative surgery, (Level of 
Evidence: C) 

3. PCI or CABG for patients with 1- or 2-vessel CAD 
without significant proximal left anterior descending 
CAD but with a moderate area of viable myocardi- 
um and ischemia on noninvasive testing. (Level of 
Evidence: B) 

4. PCI or CABG for patients with 1-vesscl disease with 
significant proximal left anterior descending CAD, 
(Level of Evidence: B) 

5. CABG with the internal mammary artery for pa- 
tients with multivcssel disease and treated diabetes 
mcllitus. (Level of Evidence: B) 

Class lib 

1. PCI for patients with 2- or 3 -vessel disease with 
significant proximal left anterior descending CAD, 
with treated diabetes or abnormal LV function, and 
with anatomy suitable for catheter-based therapy. 
(Level of Evidence: B) 

Class III 

1. PCI or CABG for patients with 1- or 2-vessel CAD 
without significant proximal left anterior descending 
CAD or with mild symptoms or symptoms that are 
unlikely to be due to myocardial ischemia or who 
have not received an adequate trial of medical 
therapy and who have no demonstrable ischemia on 
noninvasive testing. (Level of Evidence: C) 

2. PCI or CABG for patients with insignificant coro- 
nary stenosis (<50% diameter). (Level of Evidence: 
C) 

3. PCI in patients with significant left main coronary 
artery disease who are candidates for CABG. (Level 
of Evidence: B) 
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Percutaneous coronary revascularization (intervention) strat- 
egies are referred to in the guidelines as "PCI." The majority 
of current PCIs involve balloon dilatation and coronary 
stenting. Stenting has contributed greatly to catheter-based 
revascularization by reducing the risk of both acute vessel 
closure and late restenosis. 

Platelet Inhibitors and 
Percutaneous Revascularization 

Data from both retrospective observations and randomized 
clinical trials indicate that PCI can lead to angiographic 
success in most patients with UA/NSTEML An important 
advance in the treatment of patients with UA/NSTEMI 
undergoing PCI has been the introduction of platelet GP 
Ilb/IIIa receptor inhibitors (see Section III). This therapy 
takes advantage of the fact that platelets play an important 
role in the development of ischemic complications that may 
occur in patients with UA/NSTEMI or during coronary 
revascularization procedures. The safety of these procedures 
in these patients is enhanced by the addition of intravenous 
platelet GP Ilb/IIIa receptor inhibitors to the standard regi- 
men of ASA, heparin, and anti-ischemic medications. 

Percutaneous Transluminal Coronary Angioplasty 
Versus CABG 

A meta-analysis of 8 randomized trials completed between 
1986 and 1993 has been carried out that compared the 
outcomes of CABG and percutaneous transluminal coronary 
angioplasty (PTCA) in 3371 patients with multivessel CAD 
(many of whom presented with UA). At 1-year follow-up, no 
difference was documented between the 2 therapies in cardiac 
death or MI, but a lower incidence of angina and need for 
revascularization was associated with CABG. Subsequently, 
the results were reported of the Bypass Angioplasty Revas- 
cularization Investigation (BARI) trial, the largest random- 
ized comparison of CABG and PTCA, which was conducted 
in 1829 patients with 2- or 3-vessel CAD; UA was the 
admitting diagnosis in 64% of these patients. A statistically 
significant advantage in survival without MI independent of 
the severity of presenting symptoms was observed in the 
entire group for CABG compared with PCI at 7 years after 
study entry (84.4% versus 80.9%, P=0\04), However, sub- 
group analysis demonstrated that the survival benefit seen 
with CABG was confined to diabetic patients treated with 
insulin or oral hypoglycemic agents. 

Conclusions 

In general, the indications for PCI and CABG in UA/ 
NSTEMI are similar to those in stable angina. High-risk 
patients with LV systolic dysfunction, 2-vessel disease with 
severe proximal LAD involvement, severe 3-vessel disease, 
or left main disease should be considered for CABG. Many 
other patients will have less severe CAD that does not put 
them at high risk for cardiac death. However, even less severe 
disease can have a substantial negative affect on the quality of 
life. Compared with high-risk patients, low-risk patients 
receive negligible or very modestly increased chances of 
long-term survival with CABG. Therefore, in low-risk pa- 
tients, quality of life and patient preferences are given more 
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weight than are strict clinical outcomes in the selection of a 
treatment strategy. Low-risk patients whose symptoms do not 
respond well to maximal medical therapy and who experience 
a significant negative affect on their quality of life and 
functional status should be considered for revascularization. 

V. Hospital Discharge and Post-Hospital 
Discharge Care 

The acute phase of UA/NSTEMI is usually over within 2 
months. The risk of progression to MI or the development of 
recurrent MI or death is highest during that period. At 1 to 3 
months after the acute phase, most patients resume a clinical 
course similar to that of patients with chronic stable coronary 
disease. 

A. Medical Regimen 

An effort of the entire staff (physicians, nurses, dietitians, 
pharmacists, rehabilitation specialists, and physical and oc- 
cupational therapists) is often necessary to prepare the patient 
for discharge. Direct patient instruction is important and 
should be reinforced and documented with written instruction 
sheets. Enrollment in a cardiac rehabilitation program after 
discharge may enhance patient education and enhance com- 
pliance with the medical regimen. 

Recommendations for Postdischarge Therapy 
Class I 

1. Before hospital discharge, patients and/or desig- 
nated responsible caregivers should be provided 
with well-understood instructions with respect to 
medication type, purpose, dose, frequency, and 
pertinent side effects. (Level of Evidence: C) 

2. Drugs required in the hospital to control ische- 
mia should be continued after hospital discharge 
in patients who do not undergo coronary revas- 
cularization, patients with unsuccessful revascu- 
larization, or patients with recurrent symptoms 
after revascularization. Upward or downward 
titration of the doses may be required. (Level of 
Evidence: C) 

3. Before hospital discharge, patients should be in- 
formed about symptoms of acute myocardial in- 
farction and should be instructed in how to seek 
help if they occur* (Level of Evidence: C) 

4. All patients should be given sublingual or spray 
NTG and instructed in its use, (Level of Evidence: 
Q 

5. Anginal discomfort that lasts >2 or 3 minutes 
should prompt the patient to discontinue the activ- 
ity or remove himself or herself from the stressful 
event If pain does not subside immediately, the 
patient should be instructed to take NTG. If the 
first tablet or spray does not provide relief within 5 
minutes, then a second and third dose, at 5-minute 
intervals, should be taken. Pain that lasts >15 to 20 
minutes or persistent pain despite 3 NTG doses 
should prompt the patient to seek immediate med- 
ical attention by calling 9-1-1 and going to the 
nearest hospital ED, preferably by ambulance or 
the quickest available alternative. (Level of Evi- 
dence: C) 



6* If the pattern of anginal symptoms changes (eg, 
pain that is more frequent or severe, is precipitated 
by less effort, or now occurs at rest), the patient 
should contact his or her physician to determine the 
need for additional treatment or testing. (Level of 
Evidence: C) 

7. ASA 75 to 325 mg/d in the absence of contraindi- 
cations. (Level of Evidence: A) 

8. Clopidogrel 75 mg/d in patients with a contraindi- 
cation to ASA. (Level of Evidence: B) 

9. /^-Blockers in the absence of contraindications. 
(Level of Evidence: B) 

10. Lipid-lowering agents and diet in post ACS patients 
including patients who are post revascularization 
with low-density lipoprotein (LDL) cholesterol of 
>125 mg/dL, including after revascularization. 
(Level of Evidence: A) 

11. Lipid-lowering agents if LDL cholesterol level after 
diet is >100 mg/dL. (Level of Evidence: C) 

12. ACEIs for patients with CHF, LV dysfunction (EF 
<0\40), hypertension, or diabetes. (Level of Evi- 
dence: A) 

A reduction in the mortality and vascular event rates was 
reported in 1 large trial, the Heart Outcomes Prevention 
Evaluation (HOPE) Study, with the long-term use of an ACEI 
in moderate-risk patients with CAD, many of whom had 
preserved LV function, as well as in patients at a high risk of 
developing CAD. Although observational data suggest a 
protective effect of hormone replacement therapy (HRT) for 
coronary events, the only randomized trial of HRT for 
secondary prevention of death and MI that has been com- 
pleted (Heart and Estrogen/progestin Replacement Study 
[HERS]) failed to demonstrate a beneficial effect. It is 
recommended that postmenopausal women on HRT continue 
but that HRT not be initiated for the secondary prevention of 
coronary events. 

B. Postdischarge Follow-Up 
Recommendations 

Class I 

1. Discharge instructions should include a follow-up 
appointment Low-risk medically treated patients 
and revascularized patients should return in 2 to 6 
weeks, and higher-risk patients should return in 1 to 
2 weeks. (Level of Evidence: C) 

2. Patients managed initially with a conservative strat- 
egy who experience recurrent unstable angina or 
severe (Canadian Cardiovascular Society [CCS] 
Class III) chronic stable angina despite medical 
management and who are suitable for revasculariza- 
tion should undergo coronary arteriography. (Level 
of Evidence: B) 

3. Patients who have tolerable stable angina or no 
anginal symptoms at follow-up visits should be man- 
aged with long-term medical therapy for stable 
CAD. (Level of Evidence: B) 

C Risk Factor Modification 

Recommendations 

Class I 

1. Specific instructions should be given regarding the 
following: 
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a) Smoking cessation and achievement or mainte- 
nance of optimal weight, daily exercise, and diet 
(Level of Evidence: B) 

b) Hypertension control to a blood pressure of 
< 130/85 mm Hg (Level of Evidence: A) 

c) Tight control of hyperglycemia in diabetes (Level 
of Evidence: B) 

d) HMG-CoA reductase inhibitors for LDL choles- 
terol of >130 mg/dL. (Level of Evidence: C) 

e) Lipid-lowering agent if LDL >100 mg/dL after 
diet. (Level of Evidence: B) 

2. Consider the referral of patients who are smokers to 
a smoking cessation program or clinic and/or an 
outpatient cardiac rehabilitation program. (Level of 
Evidence: B) 

Class Ila 

1. Gemfibrozil or niacin in patients with a high-density 
lipoprotein (HDL) cholesterol level of <40 mg/dL 
and a triglyceride level of >200 mg/dL. (Level of 
Evidence: B) 

There is a wealth of evidence that cholesterol-lowering 
therapy for patients with CAD and hypercholesterolemia and 
for patients with mild cholesterol elevation (mean 209 to 218 
mg/dL) after MI and UA reduces vascular event and death 
rates. 

The healthcare team should work with patients and their 
families to educate them regarding specific targets for cho- 
lesterol, blood pressure, and weight. The family may be able 
to further support the patient by also making changes in risk 
behavior (eg, cooking low-fat meals for the entire family, 
exercising together). This is particularly important when 
screening of family members reveals common risk factors, 
such as hyperlipidemia, hypertension, and obesity. 

Recommendation 

Class I 

h Beyond the instructions for daily exercise, patients 
require specific instruction on activities (eg, heavy 
lifting, climbing stairs, yard work, household activ- 
ities) that are permissible and those that should be 
avoided* Specific mention should be made regarding 
when they can resume driving and return to work* 
(Level of Evidence: C) 

VL Special Groups 

A. Women 
Recommendation 

Class I 

1. Women with UA/NSTEMI should be managed in a 
manner similar to men. Specifically, women, like 
men with UA/NSTEMI, should receive ASA and 
indications for noninvasive and invasive testing, and 
the results of revascularization are similar. (Level of 
Evidence: B) 

B. Diabetes Mellitus 
Recommendations 

Class I 

1. Diabetes is an independent prognostic factor for 
increased risk, and this should be taken into account 
in the initial evaluation. (Level of Evidence: A) 



2. Medical treatment in the acute phase and decisions 
on whether to perform stress testing and angiogra- 
phy and revascularization should be similar in dia- 
betic and nondiabetic patients. (Level of Evidence: 
C) 

3. Attention should be directed toward tight glucose 
control. (Level of Evidence: B) 

4. For patients with multivessel disease, CABG with 
use of the internal mammary arteries is preferred 
over PCI in patients who are receiving treatment for 
diabetes. (Level of Evidence; B) 

Class Ha 

1. PCI for diabetic patients with 1-vessel disease and 
inducible ischemia. (Level of Evidence: B) 

2. Abciximab for diabetics treated with coronary stent- 
ing, (Level of Evidence: B) 

Diabetes occurs in about one fifth of patients with UA/ 
NSTEMI and is an independent predictor of adverse out- 
comes. It is associated with more extensive CAD, unstable 
lesions, frequent comorbidities, and less favorable long-term 
outcomes with coronary revascularization, especially with 
PTC A. The use of stents, particularly with abciximab, ap- 
pears to provide more favorable results in diabetics, although 
more data are needed, Clinical outcome with CABG, espe- 
cially using 1 or both internal mammary arteries, is better 
than that with PTCA but is still less favorable than in 
nondiabetics. 

C. Post-CABG Patients 
Recommendations 
Class I 

1. Medical treatment in post-CABG patients should 
follow the same guidelines as for non-post-CABG 
patients with UA/NSTEMI. (Level of Evidence: C) 

2. Because of the many anatomic possibilities that might 
be responsible for recurrent ischemia, there should be 
a low threshold for angiography in post-CABG pa- 
tients with UA/NSTEML (Level of Evidence: B) 

Class Ila 

1. Repeat CABG for multiple SVG stenoses, especially 
when there is significant stenosis of a graft that 
supplies the LAD; PCi for focal saphenous vein 
stenosis. (Level of Evidence: C) 

2. Stress testing should in general involve imaging in 
post-CABG patients* (Level of Evidence: C) 

Overall, up to 20% of UA/NSTEMI patients are status post 
CABG. Conversely, ^=20% of post-CABG patients develop 
UA/NSTEMI over 7,5 years, with a highly variable postopera- 
tive time of occurrence. Post-CABG patients who present with 
UA/NSTEMI are at a higher risk with more extensive CAD and 
LV dysfunction than previously unoperated patients. 

Post-CABG patients, especially those with only SVGs, are 
at a high risk of ACS and other adverse cardiac outcomes, 
including UA/NSTEML There is a high likelihood of disease 
in SVGs versus native arteries that increases with postoper- 
ative time. There are also difficulties with treadmill ECG 
testing and less favorable outcomes with repeat revascular- 
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ization than in patients who have not undergone previous 
CABG. 

D. Elderly Patients 
Recommendations 

Class I 

1. Decisions on management should reflect consider- 
ations of general health, comorbidities, cognitive 
status, and life expectancy* (Level of Evidence: C) 

2. Attention should be paid to altered pharmacokinet- 
ics and sensitivity to hypotensive drugs, (Level of 
Evidence: B) 

3. Intensive medical and interventional management of 
ACS may be undertaken but with close observation 
for adverse effects of these therapies. (Level of 
Evidence: B) 

Elderly persons with UA/NSTEMI tend to have atypical presen- 
tations of disease, substantial comorbidity, ECG stress tests that 
are more difficult to interpret, and different responses to phar- 
macological agents compared with younger patients. Their 
outcomes with interventions and surgery are not as favorable as 
those of younger patients, in part because of greater comorbidi- 
ties, but coronary revascularization can be performed when the 
same group of prognostic risk factors that play a roie in the 
younger age group are taken into account. The approach to these 
patients also must include consideration of the general medical 
and mental status and the anticipated life expectancy. Very frail 
elderly patients represent a high-risk group and should be 
evaluated for revascularization on a case-by-case basis. In many 
of these patients, even those with diffuse coronary arterial 
disease, PCI, with its lower morbidity rates, may be preferable to 
CABG. 

E. Cocaine 
Recommendations 

Class I 

L NTG and oral calcium antagonists for patients with 
ST-segment elevation or depression that accompa- 
nies ischemic chest discomfort (Level of Evidence: 
C) 

2, Immediate coronary arteriography, if possible, in 
patients whose ST segments remain elevated after 
NTG and calcium antagonists; thrombolysis (with or 
without PCI) if thrombus is detected. (Level of 
Evidence: C) 

Class II a 

1. Intravenous calcium antagonists for patients with 
ST-segment deviation suggestive of ischemia. (Level 
of Evidence: C) 

2. /3-Blockers for hypertensive patients (systolic blood 
pressure >150 mm Hg) or those with sinus 
tachycardia (pulse >100 bpm). (Level of Evidence: 
C) * 

3* Thrombolytic therapy if ST segments remain ele- 
vated despite NTG and calcium antagonists and 
coronary arteriography is not possible. (Level of 
Evidence: C) 



4, Coronary arteriography, if available, for patients 
who have ST-segment depression or isolated T-wave 
changes not known to be old and who are unrespon- 
sive to NTG and calcium antagonists. (Level of 
Evidence: C) 

Class III 

1. Coronary arteriography in patients with chest pain 
without ST-T-wave changes. (Level of Evidence: C) 

The basis for cocaine-induced coronary spasm has been 
demonstrated in both in vitro and in vivo experiments in 
animals and humans. The use of cocaine is associated with a 
number of cardiac complications that can produce myocardial 
ischemia, and cocaine users may develop ischemic chest 
discomfort that is indistinguishable from UA/NSTEML The 
widespread use of cocaine makes it mandatory to consider 
this cause, because its recognition mandates special 
management. 

F. Variant (Prinzmetal's) Angina 
Recommendations 

Class I 

1. Coronary arteriography in patients with episodic 
chest pain and ST-segment elevation that resolves 
with NTG and/or calcium antagonists. (Level of 
Evidence: B) 

2. Treatment with nitrates and calcium antagonists in 
patients whose coronary arteriogram is normal or 
shows only nonobstructive lesions. (Level of Evi- 
dence: B) 

Class Ha 

1. Provocative testing in patients with a nonobstructive 
lesion on coronary arteriography, the clinical pic- 
ture of coronary spasm, and transient ST-segment 
elevation* (Level of Evidence: B) 

Class lib 

1, Provocative testing without coronary arteriography. 
(Level of Evidence: C) 

2. In the absence of significant CAD on coronary 
arteriography, provocative testing with methyler- 
gonovine, acetylcholine, or methacholine when cor- 
onary spasm is suspected but there is no ECG 
evidence of transient ST-segment elevation. (Level of 
Evidence: C) 

Class III 

1. Provocative testing in patients with high-grade ob- 
structive lesions on coronary arteriography. (Level 
of Evidence: B) 

Variant (Prinzmetal's) angina is a form of UA that usually 
occurs spontaneously, is characterized by transient ST- 
segment elevation, and most commonly resolves without 
progression to MI, The earliest stages of AMI may also be 
associated with cyclic ST-segment elevations. It is caused by 
coronary spasm that is most commonly focal and can occur 
simultaneously at >I site. 

Coronary spasm is usually very responsive to NTG, long- 
acting nitrates, and calcium antagonists. Smoking should be 
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discontinued. Usually, a calcium antagonist at a high dose 
(verapamil 240 to 480 mg/d 5 diltiazem 120 to 360 mg/d, 
nifedipine 60 to 120 mg/d) is started. If the episodes are not 
completely eliminated, a second calcium antagonist from 
another class or a long-acting nitrate should be added. 
a-Receptor blockers have also been reported to be of benefit, 
especially in patients who are not responding completely to 
calcium antagonists and nitrates. 

Recommendations for Patients With Syndrome X 

Class I 

1. Reassurance and medical therapy with nitrates, 
^-blockers, and calcium antagonists alone or in 
combination. (Level of Evidence: B) 

2. Risk factor reduction. (Level of Evidence: C) 

Class lib 

1. Intracoronary ultrasound to rule out missed ob- 
structive lesions. (Level of Evidence: B) 

2. If no ECGs are available during chest pain and 
coronary spasm cannot be ruled out, coronary arte- 
riography and provocative testing with methyler- 
gonovine, acetylcholine, or mcthacholine. (Level of 
Evidence: C) 

3* HRT in postmenopausal women unless there is a 
contraindication. (Level of Evidence: C) 



4. Imipr amine for continued pain despite Class I mea- 
sures. (Level of Evidence: C) 

Class III 

1. Medical therapy with nitrates, /J-blockers, and cal- 
cium antagonists for patients with noncardiac chest 
pain. (Level of Evidence: C) 

The term "syndrome X" is used to describe patients with angina 
or angina-like discomfort with exercise, ST-segment depression 
on treadmill testing, and normal or nonobstructed coronary 
arteries on arteriography. Syndrome X is more common in 
women than in men. Chest pain can vary from that of typical 
angina pectoris to chest pain with atypical features to chest pain 
that simulates UA, secondary to CAD. The intermediate-term 
prognosis of patients with syndrome X is excellent 

It is recommended that patients be reassured of the excel- 
lent intermediate-term prognosis and be treated with long- 
acting nitrates. If the patient continues to have episodes of 
chest pain, a calcium antagonist or j3-blocker can be started, 
Imipramine at 50 mg HS has been successful in reducing the 
frequency of chest pain episodes. 
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Correction 



In the "ACC/AHA Guidelines for the Management of Patients With Unstable Angina and 
Non-ST-Segment Elevation Myocardial Infarction: Executive Summary and Recommendations" 
by Braunwald et al that appeared in a previous issue of the journal {Circulation. 2000; 1 02: 1 193- 
1209), the following errors need to be corrected 

On Page 1195 in Table 1 in the "Low Risk" column, the first entry should read: "New-onset 
or progressive CCS Class III or IV angina in the past 2 weeks without prolonged (>20 min) rest 
pain but with moderate or high likelihood of CAD." 

In the same Table under the "High Risk" column. "Cardiac markers" row, in the first line of the 
entry, delete "markedly" to read: "Elevated (eg, TnT or Tnl >0.1 ng/mL). 



The correct table follows. 



On page 1201 in the first column under Recommendation 4, 4th line, "(see Table 2)" should be 
replaced with "(see Table I) The recommendation should read: 

4. A platelet GP Ilb/IIIa receptor antagonist should be administered, in addition to ASA and 
UFH, to patients with continuing ischemia or with other high-risk features (see Table 1) and to 
patients in whom a percutaneous coronary intervention (PCI) is planned. Eptifibatide and tirofiban 
are approved for this use. (Level of Evidence: A) Abciximab can also be used for 12 to 24 hours 
in patients with UA/NSTEMI in whom a PCI is planned within the next 24 hours. (Level of 
Evidence: A) 

On page 1203 in Figure 4 in "All" graph on the left, "3,9%" should be changed to "2.9%." The 
corrected figure follows. 

On page 1206 under "Recommendations for Postdischarge Therapy," change >125 mg/dL to 
>130 mg/dL in item 10, The recommendation should read: 



10. Lipid-lowering agents and diet in post ACS patients including patients who are post 
revascularization with low-density lipoprotein (LDL) cholesterol of > 130 mg/dL, including after 
revascularization, (Level of Evidence; A) 



{Circulation. 2001;104:122-1230 
© 2001 American Heart Association, Inc. 
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TABLE 1 . Short-Term Risk of Death or Nonfatal MI in Patients With UA 



Feature 



High Risk 
(At least 1 of the following 
features must be present) 



Intermediate Risk 
(No high-risk feature but must 
have 1 of the following features) 



Low Risk 

(No high- or intermediate-risk feature 
but may have any of the following features) 



History Accelerating tempo of Ischemic symptoms 

in preceding 48 hrs 

Character of pain Prolonged ongoing (>20 min) rest pain 



Clinical findings Pulmonary edema, most likely related to 
ischemia 

New or worsening MR murmur 
S 3 or new/worsening rales 
Hypotension, bradycardia, tachycardia 
Age >75 y 

ECG findings Angina at rest with transient ST-segment 
changes >0.05 mV 
Bundle-branch block, new or presumed 
new 

Sustained ventricular tachycardia 
Cardiac markers Elevated (eg, TnT or Tnl >0.1 ng/mL) 



Prior Ml, peripheral or cerebrovascular 
disease, or CABG; prior aspirin use 

Prolonged (>20 min) rest angina, now 
resolved, wfth moderate or high likelihood 
of CAD 

Rest angina (<20 min or relieved with rest 
or sublingual NTG) 
Age >70 y 



New-onset or progressive CCS Class lit or IV angina 
in the past 2 wk without prolonged (>20 min) rest 
pain but with moderate or high likelihood of CAD 



T-wave inversions >0.2 mV 
Pathological Q waves 



Slightly elevated (eg, TnT >0.01 but <0.1 
ng/mL) 



Normal or unchanged ECG during an episode of 
chest discomfort 



Normal 



An estimation of the short-term risks of death and nonfatal cardiac ischemic events in UA Is a complex multivariable problem that cannot be fully specified In a 
table such as this. Therefore, the table is meant to offer general guidance and illustration rather than rigid algorithms. 

Adapted with permission from Braunwald E, Mark DB, Jones RH, et aL Unstable angina: diagnosis and management. Rockville, MD: Agency for Health Care Policy 
and Research and the National Heart, Lung, and Blood Institute, US Public Health Service, US Department of Health and Human Services; 1994; AHCPR Publication 
No. 94-0602. AHCPR Clinical Practice Guideline No. 10, Unstable Angina: Diagnosis and Management, May 1994. 
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Figure 4. Kaplan-Meier curves showing 
cumulative incidence of death or Ml in 
patients randomly assigned to platelet GP 
llb/llla receptor antagonist (bold line) or pla- 
cebo. Data are derived from the CAPTURE, 
PURSUIT, and PRISM-PLUS trials. Left, 
Events during the initial period of medical 
treatment until the moment of PCI or CABG, 
In the CAPTURE trial, abciximab was admin- 
istered for 18 to 24 hours before the PCI 
was performed in almost all patients as per 
study design; abciximab was discontinued 1 
hour after the intervention. In PURSUIT, a 
PCI was performed in 11 .2% of patients 
during a period of medical therapy with epti- 
fibatide that fasted 72 hours and for 24 
hours after the intervention. In PRISM-PLUS, 
an intervention was performed in 30.2% of 
patients after a 48-hour period of medical 
therapy with tirafiban, and the drug infusion 
was maintained for 12 to 24 hours after an 
intervention. Right, Events occurring at the 
time of PCI and the next 48 hours, with the 
event rates reset to 0% before the interven- 
tion. CK or CK-MB elevations exceeding 2 
times the upper limit of normal were consid- 
ered as infarction during medical manage- 
ment and exceeding 3 times the upper limit 
of normal for PCl-related events. OR indi- 
cates odds ratio. Adapted with permission 
from Boersma E, Akkertiuis KM, Theroux P, 
et al. Platelet glycoprotein llb/tlla receptor 
inhibition in non-ST-elevation acute coronary 
syndromes: early benefit during medical 
treatment only, with additional protection 
during percutaneous coronary intervention. 
Circulation. 1999;100:2045-2048. 



Downloaded from circ.ahajournals.org by on June 15, 201 1 



Correction 



ACC/AHA Guidelines for the Management of Patients 
With Unstable Angina and Non-ST-Segment 

Elevation Myocardial Infarction: 
Executive Summary and Recommendations 

A Report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Committee on the 
Management of Patients With Unstable Angina) 

An incorrect sentence (The present guidelines supersede the 1994 guidelines.) on the first page of the guidelines {Circulation. 
2000;102:1193-1209.) was printed We regret the error and provide the correct text below in brackets. 

This Task Force therefore formed the current committee to develop guidelines for the management of unstable angina 
and non-ST-segment elevation myocardial infarction, [supported by the Agency for Healthcare Research and 
Quality's UCSF-Stanford Evidence-Based Practice Center. This document will serve as a useful successor to the 1 994 
AHCPR guidelines.] 

Additionally, information regarding endorsement of the guidelines was omitted from publication. These guidelines have been 
officially endorsed by the American College of Emergency Physicians (ACEP)* and the Society for Cardiac Angiography and 
Interventions. 



^Endorsement by ACEP means that ACEP agrees with the general concepts in the guidelines and believes that the developers have begun to define 
a process of care that considers the best interests of patients with unstable angina and non-ST-segment elevation myocardial infarction. 



{Circulation. 2000; 102: 1739.) 

© 2000 American Heart Association, Inc. 
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I. Introduction 

The American College of Cardiology/American Heart Asso- 
ciation (ACC/AHA) Task Force on Practice Guidelines was 
formed to gather information and make recommendations 
about appropriate use of technology for the diagnosis and 
treatment of patients with cardiovascular disease. Percutane- 
ous coronary interventions (PCI) are an important group of 
technologies in this regard. Although initially limited to 
PTCA, and termed percutaneous transluminal coronary an- 
gioplasty (PTCA), PCI now includes other new techniques 
capable of relieving coronary narrowing. Accordingly, in this 
document, rotational atherectomy, directional atherectomy, 
extraction atherectomy, laser angioplasty, implantation of 
intracoronary stents and other catheter devices for treating 
coronary atherosclerosis are considered components of PCI. 
In this context PTCA will be used to refer to those studies 
using primarily PTCA while PCI will refer to the broader 
group of percutaneous techniques. These new technologies 
have impacted the effectiveness and safety profile initially 



established for PTCA. Moreover, important advances have 
occurred in the use of adjunctive medical therapies such as 
glycoprotein (GP) Ilb/IIIa receptor blockers. In addition, 
since publication of the previous Guidelines in 1993, greater 
experience in the performance of PCI in patients with acute 
coronary syndromes and in community hospital settings has 
been gained. In view of these developments, further review 
and revision of the guidelines is warranted. This document 
reflects the opinion of the third ACC/AHA committee 
charged with revising the guidelines for PTCA to include the 
broader group of technologies now termed PCI. 

Several issues relevant to the Committee's process and the 
interpretation of the Guidelines have been noted previously 
and are worthy of restatement. First, PCI is a technique that 
has been continually refined and modified; hence continued, 
periodic Guideline revision is anticipated. Second, these 
guidelines are to be viewed as broad recommendations to aid 
in the appropriate application of PCL Under unique circum- 
stances, exceptions may exist. These Guidelines are intended 
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to complement, not replace, sound medical judgment and 
knowledge. They are intended for operators who possess the 
cognitive and technical skills for performing PCI and assume 
that facilities and resources required to properly perform PCI 
are available. As in the past, the indications are categorized as 
Class I, IIj or III based on a multifactorial assessment of risk 
as well as expected efficacy viewed in the context of current 
knowledge and the relative strength of this knowledge. 
Initially, this document describes the background information 
that forms the foundation for specific indications. Topics 
fundamental to coronary intervention are reviewed followed 
by separate discussions relating to unique technical and 
operational issues. Forma] recommendations for the use of 
angioplasty arc included in Section V. Indications are 
organized according to clinical presentation. This format is 
designed to enhance the usefulness of this document for the 
assessment and care of patients with coronary artery disease 
(CAD). 

This document employs the ACC/AHA style classification 
as Class I ? II, or III. These classes summarize the indications 
for PCI as follows: 

Class I: Conditions for which there is evidence for 
and/or general agreement that the procedure 
or treatment is useful and effective. 

Class II: Conditions for which there is conflicting evi- 
dence and/or a divergence of opinion about 
the usefulness/efficacy of a procedure or 
treatment. 

Class Ha: Weight of evidence/opinion is in 

favor of usefulness/efficacy. 
Class lib: Usefulness/efficacy is less well es- 
tablished by evidence/opinion. 
Class III: Conditions for which there is evidence and/or 
general agreement that the procedure/treat- 
ment is not useful/effective, and in some cases 
may be harmful. 

The weight of evidence in support of the recommendation 
for each listed indication is presented as follows: 

Level of Evidence A: Data derived from multiple ran- 
domized clinical trials. 

Level of Evidence B: Data derived from a single ran- 
domized trial or nonrandomized 
studies. 

Level of Evidence CV Consensus opinion of experts. 

The ACC/AHA Task Force on Practice Guidelines makes 
every effort to avoid any actual or potential conflicts of 
interest that might arise as a result of an outside relationship 
or personal interest of a member of the writing panel. 
Specifically, all members of the writing panel are asked to 
provide disclosure statements of all such relationships that 
might be perceived as real or potential conflicts of interest. 
These statements are reviewed by the parent task force, 
reported orally to all members of the writing panel at the first 
meeting, and updated as changes occur. 



II. General Considerations and Background 

More than 500,000 PCI procedures are performed yearly in 
the U.S., and it has been estimated that more than 1,000,000 
procedures are performed annually worldwide. New coronary 
devices have expanded the clinical and anatomical indica- 
tions for revascularization initially limited by balloon catheter 
angioplasty. For example, stents reduce both the acute risk of 
major complications and late-term restenosis. The success of 
new coronary devices in meeting these goals is in part 
represented by the less frequent use of PTCA alone (<30%) 
and the high (>70%) penetration of coronary stenting in the 
current practice of interventional cardiology. Atherectomy 
devices and stenting, associated with improved acute angio- 
graphic and clinical outcomes compared to PTCA, in specific 
subsets, continue to be applied to a wider patient domain that 
includes multivessel disease and complex coronary anatomy. 
However, strong evidence (level A data from multiple ran- 
domized clinical trials) is only available for stenting in 
selected patients undergoing single-vessel PCI. These Guide- 
lines will focus on the Food and Drug Administration (FDA) 
approved balloon-related and nonballoon coronary revascu- 
larization devices. 

HI. Outcomes 

The outcomes of coronary interventional procedures are 
measured in terms of success and complications and are 
related to the mechanisms of the employed devices, as well as 
the clinical and anatomic patient-related factors. With in- 
creased operator experience, new technology, and adjunctive 
pharmacotherapy, the overall success and complication rates 
of angioplasty have improved. 

A. Definitions of PCI Success 

The success of a PCI procedure may be defined by angio- 
graphic, procedural, and clinical criteria, 

7. Angiographic Success 

A successful PCI produces substantial enlargement of the 
lumen at the target site. The consensus definition prior to the 
widespread use of stents was the achievement of a minimum 
stenosis diameter reduction to <50% in the presence of grade 
3 TIMI flow (assessed by angiography). However, with the 
advent of advanced adjunct technology, including coronary 
stents, a minimum stenosis diameter reduction to <20% has 
been the clinical benchmark of an optimal angiographic 
result. 

2. Procedural Success 

A successful PCI should achieve angiographic success with- 
out in-hospital major clinical complications (e.g., death, 
myocardial infarction [MI], emergency coronary artery by- 
pass surgery [CABG]) during hospitalization. Although the 
occurrence of emergency artery coronary bypass surgery and 
death are easily identified end points, the definition of 
procedure-related MI has been debated. The development of 
Q-waves in addition to a threshold value of CK elevation has 
been commonly used. However, the significance of enzyme 
elevations in the absence of Q-waves remains a subject of 
investigation and debate. Several reports have identified 
non~Q-wave Mis with CK-MB elevations 3 to 5 times the 
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upper limit of normal as having clinical significance. Thus a 
significant increase in CK-MB without Q-waves is consid- 
ered by most to qualify as an associated complication of PCI. 

If serial determinations are performed after PCI, an abnor- 
mally high value (CK-MB > 1 times normal) can be expected 
in 10 to 15% of PTCA procedures, 15 to 20% of stent 
procedures, 25 to 35% of atherectomy procedures, and >25% 
for any device used in saphenous vein grafts (SVGs) or long 
lesions with a high atherosclerotic burden, even in the 
absence of other signs and symptoms of MI. There is no 
accepted consensus on what level of CK-MB index (with or 
without clinical or electrocardiographic [ECG] findings) is 
indicative of a clinically important MI following the inter- 
ventional procedure. Cardiac troponin T and I have now been 
introduced as measurements of myocardial necrosis and have 
been proven to be more sensitive and specific than CK-MB. 
However, prognostic criteria after PCI based on troponin T 
and I have not yet been developed. The Writing Committee 
recommends that CK-MB determination be performed on all 
patients who have signs or symptoms suggestive of MI 
following the procedure or in patients in whom there is 
angiographic evidence of abrupt vessel closure, important side 
branch occlusion, or new and persistent slow coronary flow. In 
patients in whom a clinically driven CK-MB determination is 
made, a CK-MB of >3 times the upper limit of normal would 
constitute a clinically significant ML 

J. Clinical Success 

In the short term, a clinically successful PCI includes ana- 
tomic and procedural success with relief of signs and/or 
symptoms of myocardial ischemia after the patient recovers 
from the procedure. The long-term clinical success requires 
that the short-term clinical success remains durable and that 
the patient has persistent relief of signs and symptoms of 
myocardial ischemia for more than 6 months after the 
procedure. Restenosis is the principal cause of lack of 
long-term clinical success when a short-term clinical success 
has been achieved. 

B, Definitions of Procedural Complications 

As outlined in the 1998 coronary interventional document, 
procedural complications are divided into six basic catego- 
ries: death, MI, emergency CABG, stroke, vascular access 
site complications, and contrast agent nephropathy. Key data 
elements and definitions to measure the clinical management 
and outcomes of patients undergoing diagnostic catheteriza- 
tion and/or PCI have been defined in the Clinical Data 
Standards document and the ACC-National Cardiovascular 
Data Registry™ Catheterization Laboratory Module version 
2,0. These rigorous definitions for key adverse events are 
endorsed by this Writing Committee for inclusion in the 
present PCI Guidelines (Table 1). 

C* Acute Outcome 

Improvements in balloon technology coupled with the in- 
creased use of nonballoon devices, particularly stents (which 
are effective in treating abrupt vessel closure) and GP Ilb/IIIa 
platelet receptor antagonists have favorably influenced acute 
procedural outcome. This combined balloon/device/pharma- 



cologic approach to coronary intervention in elective proce- 
dures has resulted in angiographic success rates of 96 to 99%, 
with Q-wave MI rates of 1 to 3%, emergency coronary bypass 
surgery rates of 0.2 to 3%, and unadjusted in-hospital 
mortality rates of 0.5 to 1.4%. 

D. Long-Term Outcome and Restenosis 

Although improvements in technology, including stents and 
new pharmacologic therapy, have resulted in an improved 
acute outcome of the procedure, the impact of these changes 
on long-term (5 to 10 years) outcome may be less dramatic 
where factors such as advanced age, reduced left ventricular 
(LV) function, and complex multivessel disease in patients 
currently undergoing PCI may have a more important influ- 
ence. In addition, available data on long-term outcome are 
mostly limited to patients undergoing PTCA. Ten-year 
follow-up of the initial cohort of patients treated with PTCA 
revealed an 89.5% survival rate (95% in patients with 
single-vessel disease, 81% in patients with multivessel dis- 
ease). In patients within the 1985-1986 NHLBI PTCA 
Registry, 5-year survival was 92.9% for patients with single- 
vessel disease, 88,5% for those with 2-vessel disease, and 
86.5% for those with 3-vessel disease. In patients with 
multivessel disease undergoing PTCA in BARI, 5-year sur- 
vival was 86.3% and infarct-free survival was 78.7%. Specifi- 
cally, 5-year survival was 84.7% in patients with 3-vessel 
disease and 87.6% in patients with 2-vessel disease. 

In addition to the presence of multivessel disease, other 
clinical factors adversely impact late mortality. In random- 
ized patients with treated diabetes in BARI, the 5-year 
survival was 65.5%, and the cardiac mortality was 20.6% in 
comparison to 5.8% cardiac mortality in patients without 
treated diabetes, although among eligible but not randomized 
diabetic patients, the 5-year cardiac mortality was 7.5%. In 
the 1985-1986 NHLBI PTCA Registry, 4-year survival was 
significantly lower in women (89,2%) in comparison to men 
(93.4%). In addition, although LV dysfunction was not 
associated with an increase in in-hospital mortality or nonfa- 
tal MI in patients undergoing PTCA in the same registry, it 
was an independent predictor of a higher long-term mortality. 

A major determinant of event-free survival following 
coronary intervention is the incidence of restenosis which 
had, until the development of stents, remained fairly constant, 
despite multiple pharmacologic and mechanical approaches 
to limit this process (Table 2). Depending on the definition, 
(i.e., whether clinical or angiographic restenosis or target 
lesion revascularization is measured), the incidence of resten- 
osis following coronary intervention had been 30 to 40%, and 
higher in certain clinical and angiographic subsets. 

Although multiple clinical factors (diabetes, unstable 
angina, acute MI, prior restenosis), angiographic factors 
(proximal left anterior descending artery, small vessel 
diameters, total occlusion, long lesion length, SVG), and 
procedural factors (higher post-procedure percent diameter 
stenosis, smaller minimal lumen diameter, and smaller 
acute gain), have been associated with an increased inci- 
dence of restenosis, the ability to integrate these factors 
and predict the risk of restenosis in individual patients 
following the procedure remains difficult. The most prom- 
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TABLE 1. Definitions oi Procedural Complications 



Procedural Complications 



Definitions 



Primary cause of death 
Periprocedural Ml 



CABG during this admission 



CVA/Stroke 

Vascuiar complications 
Bleeding 

Occlusion 



Dissection 



Pseudoaneurysm 



AV fistula 



Renal failure 



Patient died during this hospitalization 

The NEW presence of an Ml as documented by at least 1 of the following criteria: 

1 . Evolutionary ST-segment elevations, development of new Q-waves in 2 or more contiguous EGG leads, or new or 
presumably new LBBB pattern on the ECG 

2. Biochemical evidence of myocardial necrosis; this can be manifested as 1) CK-MB 5:3 x the upper limit of normal or 
if CK-MB not available (2) total CK >3 x upper limit of normal. Because normal limits of certain blood tests may 
vary, please check with your lab for normal limits for CK-MB and total CK 

If the patient had a CABG during this admission indicate the CABG status using the following categories: 
I. Elective: The procedure could be deferred without increased risk of compromised cardiac outcome 

It. Urgent: All of the following conditions are met: 

A. Not elective 

B. Not emergency 

C. Procedure required during same hospitalization in order to minimize chance of further clinical deterioration 

III. Emergency: The patient's clinical status includes any of the folfowing: 

A. Ischemic dysfunction (any of the following): 

1 . Ongoing ischemia including rest angina despite maximal medical therapy (medical and/or IABP) 

2. Acute evolving Ml within 24 hours before intervention 

3. Pulmonary edema requiring intubation 

B. Mechanical dysfunction (either of the following): 

1. Shock with circulatory support 

2. Shock without circulatory support 

IV. Salvage: The patient is undergoing CPR en route to the Operating Boom 

Patient experienced a cerebrovascular accident (CVA) as documented by a loss of neurological function caused by an 
ischemic event with residual symptoms at least 24 hours after onset 

Blood loss at the site of arterial or venous access or due to perforation of a traversed artery or vein requiring transfusion 
and/or prolonging the hospital stay, and/or causing a drop in hemoglobin >3.0 gm/dl. Bleeding attributable to the 
vascular site could be retroperitoneal, a local hematoma >10 cm diameter or external 
A total obstruction of the artery usually at the site of access requiring surgical repair Occlusion is defined as total 
obstruction of the artery by thrombus, dissection or other mechanism, usually at the site of access, requiring surgical 
repair. Occlusion may be accompanied by absence of palpable pulse or Doppler signal and associated with signs and 
symptoms of an ischemic limb requiring surgical intervention 

A dissection occuiTed at the site of percutaneous entry. Dissection is defined as disruption of an arterial wall resulting in 
splitting and separation of the intimal (or sublntimal) layers 

Pseudoaneurysm is defined as the occurrence of an aneurysmal dilatation of the artery at the site of catheter entry 
demonstrated by arteriography or ultrasound 

AV fistula is defined as a connection between the access artery {e.g., femoral) and access vein (e.g., femoral) that is 
demonstrated by an imaging study (arteriography or ultrasound) and most often characterized by a continuous bruit 

After the lab visit— but before any subsequent lab visits only: 

Indicate if the patient experienced acute renal insufficiency resulting in an increase in serum creatinine to more than 2.0 
mg/dl {or a 50% or greater increase over an abnormal baseline) measured prior to procedure, or requiring dialysis 



CABG = coronary artery bypass graft; CK - creatine kinase: CPR = cardiopulmonary resuscitation; ECG = electrocardiographic; IABP = intra-aortic balloon pump; 
LBBB = left bundle-branch block; Ml - myocardial infarction. 



ising potential approaches to favorably impact the resten- 
osis process relate to: 1) the ability to decrease elastic 
recoil and remodeling using intracoronary stents, and 2) to 
the ability to reduce intimal hyperplasia using catheter- 
based ionizing radiation. More than 6,300 patients have 
been studied in 12 randomized clinical trials to assess the 
efficacy of PTCA vs. stents to reduce restenosis (Table 3). 

In addition, randomized studies in patients with in-stent 
restenosis have shown that both intracoronary gamma and 
beta radiation significantly reduced the rate of subsequent 
angiographic and clinical restenosis by 30 to 50%. 



E. Predictors of Success/Complications 
L Anatomic Factors 

The risk of PTCA in the pre-stent era relative to anatomic 
subsets has been identified in previous NHLBI PTCA Registry 
data and by the ACC/AHA Task Force, The lesion classification 
based on severity of characteristics proposed in the past has been 
principally altered using the present PCI techniques, which 
capitalize on the ability of stents to manage initial and subse- 
quent complications of coronary interventions. As a result the 
Committee has revised the previous ACC/AHA lesion classifi- 
cation system to reflect low, moderate, and high risk (Table 4) in 
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TABLE 2, Selected Trials of Pharmacologic and Mechanical Approaches to Limit Restenosis 



Restenosis Rate (%) 



oIUQy 


Year 


hi 

N 


Agent 


PJacebo or Control 


Agent 


Schwartz 


1988 


376 


Aspirin and Dipyridamole 


39 


38 


Ellis 


1989 


416 


Heparin 


37 


41 


Pepine 


1990 


915 


Methylprednislone 


39 


40 


CARPORT 


1991 


649 


Vaprprost 


19 


21 


O'Keefe 


1991 


197 


Colchicine 


22 


22 


MERCATOR 


1992 


735 


Cilazapril 


28 


28 


CAVEAT* 


1993 


500 


DCA vs. PTCA 


57 


50 


CCAT 


1993 


136 


DCA vs. PTCA 


43 


46 


Serruys 


1993 


658 


Ketanserin 


32 


32 


BENESTENT* 


1994 


520 


Stent vs. PTCA 


32 


22 


CD* 


iyy4 


ACQ 

4bo 


Enoxaparin 


C 1 

01 


M 

bl 


Leaf 


1994 


551 


Fish Oil 


46 


52 


STRESS* 


1994 


410 


Stent vs. PTCA 


42 


32 


Weintraub 


1994 


404 


Lovastatin 


42 


39 


BOAT* 


1996 


492 


DCA vs. PTCA 


40 


31 


Wantanabe* 


1996 


118 


Probucol 


40 


20 


Tardif* 


1997 


317 


Probucol 


39 


21 


BENESTENT II* 


1998 


823 


Stent vs. PTCA 


31 


17 


TREAT* 


1999 


255 


Tranllast 


39 


18 


PRESTO* 


2000 


192 


DCA and Tranilast 


26 


11 



*p < 0.05. 

DCA « Directional Coronary Atherectomy; PTCA = percutaneous transluminal coronary angioplasty. 



accordance with the PCI Clinical Data Standards from the 
ACC-National Cardiovascular Data Registry™. 

2. Clinical Factors 

Coexistent clinical conditions can increase the complication 
rates for any given anatomic risk factor. The clinical risk 
factors associated with in-hospital adverse events have been 
further evaluated with additional experience during the PCI 



era and summarized based on odds ratio >2.0 or results of 
multivariate analysis (Table 5). 

J. Risk of Death 

In the majority of patients undergoing elective PCI, death as a 
result of PCI is directly related to the occurrence of coronary 
artery occlusion and is most frequently associated with pro- 



TABLE 3. Studies Comparing Balloon Angioplasty With Stents for Native Coronary Artery Lesions 



Follow-Up, 



N, 
Stent/ 



Angiographic Restenosis, % 



Target-Vessel Revascularization 
(TVR), % 



Death, Ml, 
or TVR, % 



Study 


Year 


Month 


Angioplasty 


Stent 


Angioplasty 


p Value 


Stent 


Angioplasty 


p Value 


Stent 


Angioplasty 


STRESS 


1994 


6 


205/202 


31.6 


42.1 


0.046 


10.2 


15.4 


0.06 


19.5 


23.8 


BENESTENT* 


1996 


12 


259/257 








10 


21 


0.001 


23.2 


31.5 


TASCI 


1995 


6 


270 (Overall)t 


31 


46 


0.01 












Versaci et al. 


1997 


12 


60/60 


19 


40 


0,02 


6.6 


22 








STRESS II 


1998 


12 


100/89 








10 


20 




17 


34 


BENESTENT II 


1998 


6 


413/410 


16 


31 


<0.001 


8* 


13.7 


0.02 


12.8 


19.3 


0CBAS 


1998 


7 


57/59 


18.8 


16.6 




17.5 


9.2 




19.2 


16.9 


EPISTENT§ 


1998 


6 


1603/796 








8.7 


15.4 


<0.001 


13 


20.5 


START 


1999 


6/48|| 


229/223 


22 


37 


<0.002 


12 


24.6 


<o.ao2 


16.9 


29.9 


OPUS 


2000 


6 


479 (Overall) 








3.0 


10.1 


0.003 


6.1 


14.9 



*Any event at one year; f122 patients in the TASC I trial had treated restenotic lesions; Jany repeat procedure; §stent ptus abciximab vs. percutaneous transluminal 
coronary angioplasty plus abciximab; |[6 months angiographic follow-up and 48 months clinical follow-up. 

Ml = myocardial infarction; dashes (— ) = data not reported for that category. Data are for lesions in coronary arteries with vessel diameter s3.0 mm. Adapted 
from Suwaldi MB, et al. JAMA 2000;284:1828-36. 
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TABLE 4, Lesion Classification System 

Anatomic Risk Groups* 
2000 
PCt Stent Era 

Low Risk 

Discrete (length <10 mm) 

Concentric 

Readily accessible 

Nonangulated segment (<45°) 

Smooth contour 

Little or no calcification 

Less than totally occlusive 

Not ostial in location 

No major side branch involvement 

Absence of thrombus 

Moderate Risk 

Tubular (length 10-20 mm) 
Eccentric 

Moderate tortuosity of proximal segment 

Moderately angulated segment (>45°, <90°) 

Irregular contour 

Moderate or heavy calcification 

Total occlusions <3 months old 

Ostial in location 

Bifurcation lesions requiring double gulrfewires 
Some thrombus present 

High Risk 

Diffuse (length >20 mm) 

Excessive tortuosity of proximal segment 

Extremely angulated segments >90° 

Total occlusions >3 months old and/or bridging collaterals 

Inability to protect major side branches 

Degenerated vein grafts with friable lesions 

*This classification of lesion risk Is cited from the ACC-National Cardiovas- 
cular Data Registry™ Catheterization Laboratory Module version 2.0. This 
classification scheme is also cited in the ACC Clinical Data Standards. 

PCI = percutaneous coronary interventions. 

nounced LV failure. The clinical and angiographic variables 
associated with increased mortality include advanced age, fe- 
male gender, diabetes, prior MI, multivessel disease, left main or 
equivalent coronary disease, a large area of myocardium at risk, 
pre-existing impairment of LV or renal function, and collateral 
vessels supplying significant areas of myocardium that originate 
distal to the segment to be dilated (Table 5). 

4. Women 

In comparison to men, women undergoing PCI are older and 
have a higher incidence of hypertension, diabetes mellirus, 
hypercholesterolemia, and comorbid disease. Early reports of 
patients undergoing PTCA revealed a lower procedural suc- 
cess rate in women; however, more recent studies have noted 
similar angiographic outcome and incidence of MI and 
emergency coronary bypass surgery in women and men. 



Although reports have been inconsistent, in several large- 
scale registries, in-hospital mortality is significantly higher in 
women and an independent effect of gender on acute mortal- 
ity following PCI persists after adjustments for the baseline 
higher-risk profile in women. 

5* The Elderly Patient 

Age >75 years is one of the major clinical variables associ- 
ated with increased risk of complications. In the elderly 
population, the morphologic and clinical variables are com- 
pounded by advanced years with the very elderly having the 
highest-risk of adverse outcomes. In the stent era, procedural 
success rates and short-term outcomes are comparable to 
those for nonoctogenarians. Thus, with rare exception (pri- 
mary PCI for cardiogenic shock for patients >75 years), a 
separate category has not been created in these Guidelines for 
the elderly. However, their higher incidence of comorbidities 
should be taken into account when considering the need for 
PCI. 

6. Diabetes Meltitus 

In the TIMI-IIB study of MI, patients with diabetes mellitus 
had significantly higher 6-week (11.6% vs. 4.7%), 1-year 
(18.0% vs. 6.7%), and 3-year (21.6% vs. 9.6%) mortality 
rates compared to nondiabetic patients. The BARI trial, in 
which stents and abciximab were not used, showed that 
survival was better for patients with treated diabetes under- 
going CABG with an arterial conduit than for those under- 
going angioplasty, Stenting decreases the need for target 
revascularization procedures in diabetic patients compared 
with PTCA, The efficacy of stenting with GP Ilb/IIIa inhib- 
itors was assessed in the diabetic population compared to 
those without diabetes in a substudy of the EPISTENT trial. 
Irrespective of revascularization strategy abciximab signifi- 
cantly reduced 6-month death and MI rates in patients with 
diabetes for all strategies. Likewise, 6^month target-vessel 
revascularization was reduced in the stent/abciximab group 
approach. 

7. Coronary Angioplasty After Coronary Artery 
Bypass Surgery 

Although speculated to be at higher risk, patients having PCI 
of native vessels after prior coronary bypass surgery have, in 
recent years, nearly equivalent interventional outcomes and 
complication rates compared to patients having similar inter- 
ventions without prior surgery. For PCI of SVG, studies 
indicate that the rate of successful angioplasty exceeds 90%, 
death <1,2%, Q-wave MI <2.5%* The incidence of non-Q- 
wave MI may be higher than that associated with native 
coronary arteries. 

Use of GP Ilb/IIIa blockers has not been shown to improve 
results of angioplasty in vein grafts. The native vessels should 
be treated with PCI if feasible. Patients with older and/or 
severely diseased SVGs may benefit from elective repeat 
coronary artery bypass graft surgery rather than PCI. 

8. Specific Technical Considerations 

Certain outcomes of PCI may be specifically related to the 
technology utilized for coronary recanalization. Antecedent 
unstable angina appears to be a clinical predictor of slow flow 
and periprocedural infarction following ablative technologies 
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TABLE 5. Clinical Risk Factors Associated With in-Hospital Adverse Events* 



Variables 



Definitions 



Age 
Gender 

LVEF-calculated 
LVEF-estimated 
No. of vessels >70% 

Unstable angina 

CCS Class IV 
CHF 

Ml at this admission 
Previous Ml 

Urgency of the procedure 



Cardiogenic shock 

Prepracedural IABP/CPS 

Aortic valve disease 

Mitral regurgitation >2+ 

Diabetes (treated) 

PVD 

Stroke 

Creatinine 

Creatinine >2 mg/dl 
Dialysis 

Cholesterol >225 mg/dl (reduced risk) 
Same vessel Intervention (reduced risk) 
Type C lesions attempted 

LMCA attempted-unprotected 
LMCA attempted-protected 
Vein graft intervention 
Thrombus 



Date of birth as stated by the patient or family 
Male or female 

Calculated by LV gram, echo, blood pool scan 
Estimated by LV gram, echo, blood pool scan 

By angiography measured, quantified or estimated diameter stenosis; "vessel" defined as RCA and its 
branches, proximal LAD (before 1st diagonal), mid/distal LAD and its branches, and Cx and its branches 

Progressive or new onset or occurs at rest accompanied by ECG changes, hypotension or pulmonale 
congestion 

Highest CCS angina class leading to hospital admission and/or intervention: 0 = no angina by Hx 

Hx of CHF before intervention 

Within 24 h of AMI 

>1 day; <7days of AMI 

Elective: patient clinically stable; procedure routinely scheduled 

Urgent: unstable patient: procedure scheduled before discharge 

Emergent/ongoing ischemia: ongoing ischemia including rest angina despite maximal therapy (medical or 
IABP) 

Emergent/salvage: arrest with CPR immediately before entering lab 

Hypoperfusion with SBP <80 mm Hg and central filling pressure >20 mm Hg or cardiac index 

<1.8 liters/mfn/m 2 ; also present if inotropes or IABP needed to maintain these values 

IABP/CPS assisted device placed before intervention 

Aortic valve area <1.0 cm 2 and/or Aortic regurgitation >2+ 

Presence of mitral regurgitation >2+ 

Clinical diagnosis of diabetes treated either with oral agents or insulin with or without sequelae 

Presence of occlusive disease in the aorta, iliac, or femoral artery sufficient to cause symptoms 

Hx of presence of fixed neurological deficit 

If creatinine preintervention known, list creatinine 

Creatinine >2 mg/dl known in past 

Patient on dialysis 

Measure cholesterol > 225 mg/dl before intervention 
Any previous Intervention on same vessel 

Type A: concentric noncalcifted, <1Q mm in length, not bifurcated or angulated. Type C: total occlusion. 
Type B: all others (ACC/AHA) 
Intervention involving ail or part of LMCA 
"Protected" LMCA stenosis by patent bypass conduit 
Any Intervention to SVG or IMA 

Intrafuminal filling defect, haziness or contrast staining in artery before Intervention 



*NDte: More than 50% of databases that evaluated the variable showed an odds ratio >2.0 or variable chosen on multivariable analysis. The definition of variables 
defined herein varies slightly from those agreed upon in the ACC Clinical Data Standards. 

AMI = acute myocardial infarction; CCS = Canadian Cardiovascuiar Society; CHF = congestive heart failure; CPR = cardiopulmonary resuscitation; CPS = 
cardiopulmonary support Cx = circumflex; ECG = electrocardiogram; Hx = history; IABP = intra-aortic balloon pump; IMA = internal mammary artery; LAD = left anterior 
descending coronary artery; LMCA = left main coronary artery; LV = left ventricle; LVEF - left ventricular ejection fraction; Ml = myocardial infarction; PVD = peripheral 
vascular disease; RCA = right coronary artery; SBP = systolic blood pressure; SVG = saphenous vein graft. Adapted with permission from Block P, et al J Am Coll Cardiol. 



2000;32:275-82. 



and direct platelet activation has been demonstrated to occur 
with both directional and rotational atherectomy. 

Coronary perforation may occur more commonly follow- 
ing the use of ablative technologies including rotational, 
directional or extraction atherectomy, and excimer laser 
coronary angioplasty. Coronary perforation complicates PCI 
more frequently in the elderly and in women. While 20% of 
perforations may be secondary to the coronary guidewire, 
most are related to the specific technology used. 



9* Issues of Hemodynamic Support in 
High-Risk Angioplasty 

Elective high-risk PCI can be performed safely without 
intra-aortic balloon pump (IABP) or cardiopulmonary sup- 
port (CPS) in most circumstances. Emergency high-risk PCI 
such as direct PCI for acute MI can usually be performed 
without IABP or CPS. CPS for high-risk PCI should be 
reserved only for patients at the extreme end of the spectrum 
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of hemodynamic compromise, such as those patients with 
extremely depressed LV function and patients in cardiogenic 
shock. However, it should be noted that in patients with 
borderline hemodynamics, ongoing ischemia, or cardiogenic 
shock, insertion of an intra-aortic balloon just prior to 
coronary instrumentation has been associated with improved 
outcomes. Furthermore, it is reasonable to obtain vascular 
access in the contralateral femoral artery prior to the proce- 
dure in patients in whom the risk of hemodynamic compro- 
mise is high, thereby facilitating intra-aortic balloon inser- 
tion, if necessary. 

In patients having a higher-risk profile, consideration of 
alternative therapies, particularly CABG, formalized surgical 
standby, or periprocedural hemodynamic support should be 
addressed before proceeding with PCI. 

F. Comparison With Bypass Surgery 

The major advantage of PCI is its relative ease of use, 
avoiding general anesthesia, thoracotomy, extracorporeal cir- 
culation, CNS complications, and prolonged convalescence. 
Repeat PCI can be performed more easily than repeat bypass 
surgery, and revascularization can be achieved more quickly 
in emergency situations. The disadvantages of PCI are early 
restenosis and the inability to relieve many totally occluded 
arteries and/or those vessels with extensive atherosclerotic 
disease. 

Coronary artery bypass surgery has the advantages of 
greater durability (graft patency rates exceeding 90% at 10 
years with arterial conduits) and more complete revascular- 
ization irrespective of the morphology of the obstructing 
atherosclerotic lesion. Generally speaking, the greater the 
extent of coronary atherosclerosis and its diffuseness, the 
more compelling the choice of CABG, particularly if LV 
function is depressed. Patients with lesser extent of disease 
and localized lesions are good candidates for endovascular 
approaches. 

Percutaneous transluminal coronary angioplasty and 
CABG have been compared in many nonrandomized and 
randomized studies. The most accurate comparisons of out- 
comes are best made from prospective randomized trials of 
patients suitable for either treatment. Although results of 
these trials provide useful information for selection of therapy 
in several patient subgroups, prior studies of PTCA may not 
reflect outcome of current PCI practice, which includes 
frequent use of stents and antiplatelet drugs. Similarly, many 
previous studies of CABG may not reflect outcome of current 
surgical practice in which arterial conduits are used whenever 
practicable. Beating heart bypass operations are also em- 
ployed for selected patients with single-vessel disease with 
reduced morbidity. In addition, patients are selected for PCI 
(with or without stenting) because of certain lesion charac- 
teristics, and these anatomical criteria are not required for 
CABG. 

Despite these limitations, some generalizations can be 
made from comparative trials of PTCA and CABG. First, for 
most patients with single-vessel disease, late survival is 
similar with either revascularization strategy, and this might 
be expected given the generally good prognosis of most 
patients with single-vessel disease managed medically. 



In the ARTS trial, the first trial to compare stenting with 
surgery, there was no significant difference in mortality 
between PCI and surgical groups at one year. The main 
difference compared to previous PTCA and CABG trials was 
an approximate 50% reduction in the need for repeat revas- 
cularization in a group randomized to PCI with stent place- 
ment. 

Direct comparison of initial strategies of PCI or CABG in 
patients with multivessel coronary disease is possible only by 
randomized trials because of selection criteria of patients for 
PCI. There have been five large (>300 patients) randomized 
trials of PTCA versus CABG and two smaller studies. These 
trials demonstrate that in appropriately selected patients with 
multivessel coronary disease, an initial strategy of standard 
PTCA yields similar overall outcomes (e.g., death, Ml) 
compared to initial revascularization with coronary artery 
bypass. 

An important exception to the conclusion of the relative 
safety of PCI in multivessel disease is the subgroup of 
patients with treated diabetes mellitus. Among treated dia- 
betic patients in BARI assigned to PTCA, 5-year survival was 
65.5% compared to 80.6% for patients having CABG (p = 
0.003); the improved outcome with CABG was due to 
reduced cardiac mortality (5.8% vs. 20.6%, p = 0.0003), 
which was confined to those receiving at least one internal 
mammary artery graft. 

G. Comparison With Medicine 

There has been a considerable effort made to evaluate the 
relative effectiveness of bypass surgery as compared to PCI 
for coronary artery revascularization. In contrast to this, very 
little effort has been directed toward comparing medical 
therapy with PCI for the management of stable and unstable 
angina. 

Based on the limited data available from randomized trials 
(Table 6) comparing medical therapy with PTCA, it seems 
prudent to consider medical therapy for the initial manage- 
ment of most patients with Canadian Cardiovascular Society 
Classification Class I and II and reserve PTCA and CABG for 
those patients with more severe symptoms and ischemia. The 
symptomatic individual patient who wishes to remain phys- 
ically active, regardless of age, will more often require PCL 
The results of the ACIP trial indicate that higher-risk patients 
with asymptomatic ischemia and significant CAD who un- 
dergo complete revascularization with CABG or PTCA may 
have a better outcome as compared to those with medical 
management. 

IV, Institutional and Operator Competency 
A. Quality Assurance 

A mechanism for valid peer review must be established and 
ongoing at each institution performing PCI. Interventional 
cardiology procedures are associated with complications that 
in general are inversely related to operator and institutional 
volume. The mechanism for institutional review should 
provide an opportunity for interventionalists as well as 
physicians who do not perform angioplasty, but are knowl- 
edgeable about it, to review overall results of the program on 
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TABLE 6. PCI Comparison With Medical Therapy 

Results 



Medical 



Study Year 


N 


Patient Population 


Treatment 


Fallow-Up 


PCI 


Therapy 


Significance 


Comments 


ACME 1992 


212 


Patients with single- 


Medical therapy 




64% less 


46% less 


p < 0.01 


The PTCA group had 






vessel disease 


vs. balloon 




angina 


angina 




less angina, better 








angioplasty 










exercise 


















performance and 


















more improvement 


















in quality of life 


















scores, but had 


















more complications 


















(emergency bypass 


















2 patients, M( in 5, 


















and repeat PTCA 
in 16). 


VA ACME 1997 


328 


Patients with 


Medical therapy 


3 years 


63% less 


48% less 


p - 0,02 


Among patients with 






documented chronic 


vs, balloon 




angina 


angina 




single-vessel 






stable angina 


angioplasty 










disease, the PTCA 


















group had less 






227 single-vessel 












angina, better 






disease 












exercise 


















performance, and 






101 double-vessel 












more improvement 






disease 












in quality of life 


















scores. 


RITA-2 1997 


1018 


53% with Class D 


Medical therapy 


2.7 years 


6.3% death 


3.3% death or 


p - 0.02 


The PTCA group had 






angina 


vs. balloon 




or Ml 


Ml 




increased rates of 






47% with prior 


angioplasty 










death and Mi, but 






angina 












had 7% ie$s Class ll 






7% triple-vessel 












angina at 2 years 






disease 












and longer exercise 


















treadmill test time at 


















3 months. 


ACIP 1997 


558 


Patients with 


Angina-guided 


2 years 


4.7% death 


8.8% death or 


p < 0.01 


40% of patients had 






documented CAD 


drug therapy vs* 




or Mt 


Ml for 




previous Ml, 23% 






and asymptomatic 


angina plus 






ischemia- 




had prior PTCA or 






ischemia 


ischemia-guided 






guided drug 




CABG and 38% had 






183 angina-guided 


drug therapy vs. 






therapy 




triple-vessel disease. 






drug therapy 


revascularization 






12.1% death 










183 angina plus 








or Ml for 










ischemia-guided 








angina-guided 










drug therapy 








drug therapy 










192 revascularization 


















by PTCA or CABG 














AVERT 1999 


341 


Patients with stable 


Medical therapy 


18 months 


21% 


13% ischemic 


p = 0.048 


p = 0.045 needed 






CAD, normal LV 


with atorvastatin 




Ischemic 


events 




for significance due 






function and angina 


vs PTCA 




events 






to interim analysis. 






Class l/ll 












Patients required to 


















complete 4 minutes 


















on Bruce protocol. 


















Only 2 deaths 


















among 341 patients 


















in 18 months. 


















Significant 


















improvement in 


















angina in patients 


















treated with PTCA 


















compared with 


















medical therapy. 



CABG = coronary artery bypass graft; CAD = coronary artery disease; LV - left ventricular; Ml = myocardial infarction: PCI = percutaneous coronary intervention; 
PTCA = percutaneous transluminal coronary angioplasty. 
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TABLE 7. Key Components of a Quality Assurance Program 



Clinical proficiency 


• uenerai jndications/contraindications 




• Institutional and individual operator 




complication rates, morcaiiiy ano 




emergency bypass surgery 




• Institutional and individual operator 




procedure volumes 




• Training and qualifications of support 




staff 


Equipment maintenance 


• Quality of laboratory facility (See 


and management 


ACC/SCA&I Expert Consensus 




Document on Cardiac Catheterization 




Laboratory Standards) 


Quality improvement 


• Establishment of an active 


process 


concurrent database to track clinical 




and procedural information as well 




as patient outcomes for individual 




operators and the institution. The 




ACC-National Cardiovascular Data 




Registry™ is strongly recommended 




for this purpose 


Radiation safety 


• Educational program in the 




diagnostic use of X-ray 




• Patient and operator radiation 




exposure 



a regular basis. The responsible supervising authority should 
monitor the following issues as outlined in Table 7. 

The institutional credentialing committee should document 
that an interventional! wishing to start practice meets the 
established training criteria, including those of the ACC Task 
Force on Training in Cardiac Catheterization and Interven- 
tional Cardiology. This Writing Committee agrees with the 
ACC Task Force recommendations for the Assessment and 
Maintenance of Proficiency in Coronary Interventional Pro- 
cedures. Institutions performing PCI should meet the follow- 
ing standards as outlined in Tables 8 and 9. 

B. Operator and Institutional Volume 

The proliferation of small angioplasty or small surgical 
programs to support such angioplasty programs is strongly 
discouraged. Several studies have identified procedural vol- 
ume as a determining factor for frequency of complications 
with PCL 

Although some investigators have suggested that low 
procedure volume does not contribute to poor outcomes, 
these studies are small in number and underpowered for 
analysis. Development of small cardiovascular surgical pro- 
grams to support angioplasty is a poor use of resources that 
will likely lead to suboptimal results. 

Given the concerns regarding operator volume and surgical 
standby, it is recommended that PCI be performed by higher 
volume operators (^75 cases/year) with advanced technical 
skills (e.g., subspecialty certification) at institutions with fully 
equipped interventional laboratories and experienced support 
staff This setting will most often be in a high-volume center 
(>400 cases/year) associated with an on-site cardiovascular 
surgical program. Similar concerns have been identified and 



TABLE 8. Considerations for the Assessment and Maintenance 
of Proficiency in Coronary Interventional Procedures 

Institutions 

• Quality assessment monitoring of privileges and risk stratified outcomes 

• Provide support for a quality assurance staff person (e.g., nurse) to 
monitor complications 

• Minimal institutional performance activity of 200 interventions per year 
with the ideal minimum of 400 interventions per year 

• Interventional program director who has a career experience of >500 PCI 
procedures and is board certified by ABIM in interventional cardiology 

• Facility and equipment requirements to provide high resolution fluoroscopy 
and digital video processing 

• Experienced support staff to respond to emergencies (See Section IV, C. 
Need for Surgical Backup for discussion) 

• Establishment of a mentoring program for operators who perform <75 
procedures per year by the individuals who perform S150 procedures per year 

Physicians 

• Procedural volume of £=75 per year 

• Continuation of privileges based on outcome benchmark rates with 
consideration of not granting privileges to operators who exceed adjusted 
case mix benchmark complication rates for a 2-year-period 

• Ongoing quality assessment comparing results with current benchmarks 
with risk stratification of complication rates 

• Board Certification by ABIM in interventional cardiology 

ABIM = American Board of Internal Medicine; PCI = percutaneous coronary 
Intervention. 

supported by the Task Force for Practice Guidelines for 
Coronary Angiography. 

This Committee acknowledges that not every cardiologist 
desiring to do PCI should perform these procedures and not 
every hospital anxious to have an interventional program 
should start one. This caveat is particularly true where there 
are high-volume programs and operators nearby. In these 
situations, operators should be subspecialty board certified. 

Recommendations for PCI Institutional and 
Operator Volumes at Centers With On-Sitc 
Cardiac Surgery 
Class I 

1. PCI done by operators with acceptable volume 
(^75) at high-volume centers (>400). (Level of Evi- 
dence: B) 
Class Ha 

1, PCI done by operators with acceptable volume 
(^75) at low- volume centers (200 to 400). (Level of 
Evidence: C) 

2. PCI done by low volume operators (<75) at high- 
volume centers (>400). Note: Ideally operators with 
annual procedure volume <75 should only work at 
institutions with an activity level of >600 proce- 
dures/year.* (Level of Evidence: C) 

Class III 

1. PCI done by low volume operators (<75) at low- 
volume centers (200 to 400). Note: An institution 
with a volume <200 procedures/year, unless in a 
region that is underserved because of geography, 
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TABLE 9. Criteria for the Performance Angioplasty at 
Hospitals Without On-site Cardiac Surgery 

1. The operators must be experienced interventionalists who regularly 
perform elective Intervention at a surgical center (>75 cases/year). The 
institution must perform a minimum of 36 primary PCI procedures per 
year, 

2. The nursing and technical catheterization laboratory staff must be 
experienced in handling acutely M patients and comfortable with 
interventional equipment. They must have acquired experience in 
dedicated interventional laboratories at a surgical center. They 
participate in a 24-h, 365-day call schedule. 

3. The catheterization laboratory itself must be weU-equipped, with optimal 
Imaging systems, resuscitative equipment, intra-aortic, balloon pump 
(IABP) support, and must be well-stocked with a broad array of 
interventionaf equipment. 

4. The cardiac care unit nurses must be adept in hemodynamic monitoring 
and IABP management. 

5. The hospital administration must fully support the program and enable 
the fulfillment of the above institutional requirements. 

6. There must be formalized written protocols in place for immediate 
(within 1 h) and efficient transfer of patients to the nearest cardiac 
surgical facility which are reviewed/tested on a regular (quarterly) basis. 

7. Primary intervention must be performed routinely as the treatment of 
choice around the clock for a large proportion of patients wfth AMI r to 
ensure streamlined care paths and increased case volumes. 

8. Case selection for the performance of primary angioplasty must be 
rigorous. Criteria for the types of lesions appropriate for primary 
angioplasty and for the selection for transfer for emergent aortocoranary 
bypass surgery are shown in Table 10. 

9. There must be an ongoing program of outcomes analysis and 
formalized periodic case review. 

10. Institutions should participate in a 3- to 6-month period of 

implementation during which time development of a formalized primary 
PCI program Is instituted that includes establishing standards, training 
staff, detailed logistic development, and creation of a quality 
assessment and error management system. 

Adapted with permission from Wharton TP Jr. McNamara NS, Fedele FA, 
Jacobs Ml t Gladstone AR, Funk El Primary angioplasty for the treatment of 
acute myocardial infarction: experience at two community hospitals without 
cardiac surgery. J Am Coll Cardiol 1999;33:1257-65. 

AMI = acute myocardial infarction; IABP = intra-aortic balloon pump; PCI = 
percutaneous coronary intervention. 

should carefully consider whether it should continue 
to offer service.* (Level of Evidence: C) 

C. On-Site Cardiac Surgical Backup 

Cardiac surgical backup for PCI has evolved from the formal 
surgical standby in the 1980s to an informal arrangement of 
first available operating room and, in some cases, off-site 
surgical backup. With the advent of intracoronary stenting, 
there has been a decrease in the need for emergency coronary 
bypass, ranging between 0,4 and 2%. 

L Primary PCI Without On-Site Cardiac Surgery 
Although thrombolytic trials demonstrated that early reper- 
fusion saves myocardium and reduces mortality, the superi- 
ority and greater applicability of primary PCI for the treat- 



operators who perform <75 procedures/year should develop a 
defined mentoring relationship with a highly experienced operator who 
has an annual procedural volume >150 procedures/yean 



ment of acute MI has raised the question of whether primary 
PCI should be performed at institutions with diagnostic 
cardiac catheterization laboratories that do not perform elec- 
tive PCI or have on-site cardiac surgery. For this reason, the 
establishment of PCI programs at institutions without on-site 
cardiovascular surgery has been promoted as necessary to 
maintain quality of care. It must be realized that PCI in the 
early phase of an acute MI can be difficult and requires even 
more skill and experience than routine PCI in the stable 
patient. The need for an experienced operator and experi- 
enced laboratory technical support with availability of a 
broad range of catheters ? guidewires, stents, and other devices 
(e.g., IABP) that are required for optimum results in an 
acutely ill patient is of major importance (Table 9). If these 
complex patients are treated by interventionalists with limited 
experience at institutions with low volume, then the gains of 
early intervention may be lost because of increased compli- 
cations. In such circumstances, transfer to a center that 
routinely performs complex PCI will often be a more effec- 
tive and efficient course of action. Thrombolysis is still an 
acceptable form of therapy and is preferable to acute PCI by 
an inexperienced team. 

Criteria have been suggested for the performance of 
primary PCI at hospitals without on-site cardiac surgery 
(Tables 9 and 10). Of note, large-scale registries have shown 
an inverse relationship between the number of primary 
angioplasty procedures performed and in-hospital mortality. 
The data suggest that both door-to-balloon time and in- 
hospital mortality are significantly lower in institutions per- 
forming a minimum of 36 primary angioplasty procedures per 
year. Communities may identify a unique qualified and 
experienced center wherein the on-site intervention for acute 
MI could be performed. Suboptimal results may relate to 
operator/staff inexperience and capabilities and delays in 
performing angioplasty for logistical reasons. From clinical 
data and expert consensus, the Committee recommends that 
primary PCI for acute MI performed at hospitals without 
established elective PCI programs should be restricted to 
those institutions with a proven plan for rapid and effective 
PCI as well as rapid access to cardiac surgery in a nearby 
facility (Table 11). 

2. Elective PCI Without On-Site Surgery 
Technical improvements in interventional cardiology have 
led to the development of elective angioplasty programs 
without on-site surgical coverage. Caution is warranted be- 
fore endorsing an unrestricted policy for PCI in hospitals 
without appropriate facilities. Several outstanding and criti- 
cally important clinical issues, such as timely management of 
ischemic complications, adequacy of specialized post- 
interventional care, logistics for managing cardiac surgical or 
vascular complications and operator/laboratory volumes, and 
accreditation must be addressed. At this time, the Committee, 
therefore, continues to support the recommendation that 
elective PCI should not be performed in facilities without 
on-site cardiac surgery (Table 1 1). As with many dynamic 
areas in interventional cardiology, these recommendations 
may be subject to revision as clinical data and experience 
increase. 



Downloaded from circ.ahajournals.org by on June 18, 201 1 



3030 Circulation June 19, 2001 



TABLE 10. Patient Selection for Angioplasty and Emergency 
Aortocoronary Bypass at Hospitals Without On-Site 
Cardiac Surgery 

Avoid intervention in hemodynamlcalJy stable patients with: 

• Significant (^60%) stenosis of an unprotected [eft main (LM) coronary 
artery upstream from an acute occlusion in the feft coronary system that 
might be disrupted by the angioplasty catheter 

• Extremely long or angufated infarct-related lesions with T1MI grade 3 flow 

• Infarct-related lesions with TIM! grade 3 flow in stable patients with 
3-vessel disease 

• Infarct-related lesions of small or secondary vessels 

• Lesions in other than the infarct artery 

Transfer for emergent aortocoronary bypass surgery patients with: 

• High-grade residual left main or multivessel coronary disease and clinical 
or hemodynamic instability 

—After angioplasty or occluded vessels 

— Preferably with intraaortic balloon pump support 

Adapted with permission from Wharton TP Jr r McNamara NS P Fedele FA, 
Jacobs Ml, Gladstone AR, Funk EJ. Primary angioplasty for the treatment of 
acute myocardial infarction: experience at two community hospitals without 
cardiac surgery. J Am Coll Cardiol 1999;33:1257-65. 

Recommendations for PCI With and Without 
On-Site Cardiac Surgery (Table 11) 

Class I 

1. Patients undergoing elective PCI in facilities with 
on-site cardiac surgery. (Level of Evidence: B) 

2. Patients undergoing primary PCI in facilities with 
on-site cardiac surgery. (Level of Evidence: B) 

Class lib 

1. Patients undergoing primary PCI in facilities with- 
out on-site cardiac surgery, but with a proven plan 



for rapid access (within 1 h) to a cardiac surgery 
operating room in a nearby facility with appropriate 
hemodynamic support capability for transfer. The 
procedure should be limited to patients with ST- 
segment elevation MI or new LBBB on ECC, and 
done in a timely fashion (balloon inflation within 
90 ± 30 min of admission) by persons skilled in the 
procedure (S75 PCIs/year) and only at facilities 
performing a minimum of 36 primary PCI proce- 
dures per year, (Level of Evidence: B) 

Class III 

1. Patients undergoing elective PCI in facilities without 
on-site cardiac surgery. (Level of Evidence: C) 

2. Patients undergoing primary PCI in facilities with- 
out on-site cardiac surgery and without a proven plan 
for rapid access (within 1 h) to a cardiac surgery 
operating room in a nearby facility with appropriate 
hemodynamic support capability for transfer or when 
performed by lower skilled operators (<75 PCIs/year) 
in a facility performing <36 primary PCI procedures 
per year. (Level of Evidence: C) 

V. Indications 

A broad spectrum of clinical presentations exists wherein 
patients may be considered candidates for PCI, ranging from 
asymptomatic to severely symptomatic or unstable, with 
variable degrees of jeopardized myocardium. Each time that 
a patient is considered for revascularization, the potential risk 
and benefits of the particular procedure under consideration 
must be weighed against alternative therapies. 

The initial simplicity and associated low morbidity of PCI 
as compared to surgical therapy is always attractive, but the 
patient and family must understand the limitations inherent in 



TABLE 11. 


Recommendations For PCI With and Without On-Site Cardiac Surgery 




With On-Slie Cardiac Surgery 


Without On-Site Cardiac Surgery 


Elective PCt 


Ciass 1 


Class HI 




Patients undergoing elective PCI in facilities with on-site 


Patients undergoing elective PCI In facilities without on-site cardiac surgery. 




cardiac surgery. 






(Level of Evidence: B) 


(Level of Evidence: C) 


Primary PCI 


Class 1 


Class lib 




Patients undergoing primary PCI In facilities with on-site 


Patients undergoing primary PCI in facilities without on-site cardiac surgery, 




cardiac surgery. 


but with a proven plan for rapid access (within 1 h) to a cardiac surgery 




(Level of Evidence: B) 


operating room In a nearby facility with appropriate hemodynamic support 
capability for transfer. The procedure should be limited to patients with 
ST-segment elevation Ml or new LBB8 on EGG, and done in a timely fashion 
(balloon inflation within 90 ± 30 min of admission) by persons skilled in the 
procedure (^75 PCIs/year) and only at facilities performing a minimum of 36 
primary PCI procedures per year. 

(Level of Evidence: B) 

Class 111 

Patients undergoing primary PCI in facilities without on-site cardiac surgery 
and without a proven plan for rapid access (within 1 h) to a cardiac surgery 
operating room in a nearby facility with appropriate hemodynamic support 
capability for transfer. 

(Level of Evidence: Q 



ECG = electrocardiography; LBBB = left bundle-branch block; Ml = myocardial Infarction; PCI = percutaneous coronary intervention. 
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current PCI procedures, including a realistic presentation of 
the likelihood of restenosis and the potential for incomplete 
revascularization as compared with CABG surgery. In pa- 
tients with CAD who are asymptomatic or have only mild 
symptoms, the potential benefit of antianginal drug therapy 
along with an aggressive program of risk reduction must also 
be understood by the patient before a revascularization 
procedure is performed. 

A* Asymptomatic or Mild Angina 

In the previous ACC/AHA Guidelines for PTCA, specific 
recommendations were made separately for patients with 
single- or multi vessel disease. The current techniques of 
PCI have matured to the point where* in patients with 
favorable anatomy, the competent practitioner can perform 
either single- or multivessel PCI at low risk and with a 
high likelihood of initial success. For this reason, in this 
revision of the Guidelines, recommendations will be made 
largely based upon the patients' clinical condition, specific 
coronary lesion morphology and anatomy, LV function, 
and associated medical conditions, and less emphasis will 
be placed on the number of lesions or vessels requiring 
PCL The CCS Class of angina (I to IV) is used to define 
the severity of symptoms. The categories described in this 
section refer to an initial PCI procedure in a patient 
without prior CABG surgery. 

The Committee recognizes that the majority of patients 
with asymptomatic ischemia or mild angina should be treated 
medically. The published ACIP study casts some doubt on the 
wisdom of medical management for those higher-risk patients 
who are asymptomatic or have mild angina, but have objec- 
tive evidence by both treadmill testing and ambulatory 
monitoring of significant myocardial ischemia and CAD, In 
addition, there is a substantial portion of the middle and older 
age populations in this country that remains physically active, 
participating in sports, such as tennis and skiing, or perform- 
ing regular and vigorous physical exercise, such as jogging, 
who have CAD. For such individuals with moderate or severe 
ischemia and few symptoms, revascularization with PCI or 
CABG surgery may reduce their risk of serious or fatal 
cardiac events. For this reason, patients in this category of 
higher-risk asymptomatic ischemia or mild symptoms and 
severe anatomic CAD are placed in Class I or II. PCI may be 
considered if there is a high likelihood of success and a low 
risk of morbidity or mortality. The judgment of the experi- 
enced physician is deemed valuable in assessing the extent of 
ischemia. 

Recommendations for PCI in Asymptomatic or 
Class I Angina Patients 

Class I 

1. Patients who do not have treated diabetes with 
asymptomatic ischemia or mild angina with 1 or 
more significant lesions in 1 or 2 coronary arteries 
suitable for PCI with a high likelihood of success and 
a low risk of morbidity and mortality. The vessels to be 
dilated must subtend a large area of viable myocar- 
dium (Table 12). (level of Evidence: B) 



TABLE 12. Noninvasive Risk Stratification; High Risk (>3% 
Annual Mortality Rate) 

• High-risk treadmill score (score <-11) 

• Stress-induced large perfusion defect (particularly if anterior) 

• Stress-induced perfusion defects of moderate size 

• Stress-induced multiple perfusion defect with LV dilation or increased 
lung uptake (thallium-201) 

• Echocardiography wall motion abnormality (involving >2 segments) 
developing at a low dose of dobutamine (^10 mg ■ kg -1 * min~ 1 ) or at a 
low heart rate (120 bpm) 

• Stress echocardiography evidence of extensive ischemia 

Adapted with permission from Gibbons RJ, Chatterjee K, Daley J, et a!. 
ACC/AHA/ACP-ASIM guidelines for the management of patients with chronic 
stable angina. J Am Coll Cardiol 1999;33:2092-197. 



Class 11a 

1. The same clinical and anatomic requirements for 
Class I, except the myocardial area at risk is of 
moderate size or the patient has treated diabetes. 
(Level of Evidence: B) 

Class lib 

1. Patients with asymptomatic ischemia or mild angina 
with ^3 coronary arteries suitable for PCI with a 
high likelihood of success and a low risk of morbidity 
and mortality. The vessels to be dilated must sub- 
tend at least a moderate area of viable myocardium. 
In the physician's judgment, there should be evi- 
dence of myocardial ischemia by ECG exercise 
testing, stress nuclear imaging, stress echocardiogra- 
phy or ambulatory ECG monitoring, or intracoronary 
physiologic measurements. (Level of Evidence: B) 

Class III 

1. Patients with asymptomatic ischemia or mild angina 
who do not meet the criteria as listed under Class 1 
or Class II and who have: 

a. Only a small area of viable myocardium at 
risk. 

b. No objective evidence of ischemia. 

c. Lesions that have a low likelihood of success- 
ful dilation. 

d« Mild symptoms that are unlikely to be due to 
myocardial ischemia. 

c. Factors associated with increased risk of mor- 
bidity or mortality. 

f. Left main disease. 

g. Insignificant disease <50%. (Level of Evi- 
dence: C) 

B, Angina Class II to IV or Unstable Angina 

Many patients with moderate or severe stable angina or 
unstable angina do not respond adequately to medical therapy 
and often have significant coronary artery stenoses that are 
suitable for revascularization with CABG surgery or PCI. In 
addition, a proportion of these patients have reduced LV 
systolic function which places them in a group that is known 
to have improved survival with CABG surgery and possibly 
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with revascularization by PCI. In nondiabetic patients with 1- 
or 2-vessel disease in whom angioplasty of I or more lesions 
has a high likelihood of initial success, PCI is the preferred 
approach. In a minority of such patients, CABG surgery may 
be preferred, particularly for those in whom the left anterior 
descending coronary artery can be revascularized with the 
internal mammary artery or in those with left main coronary 
disease. In patients with unstable angina or non-Q-wave MI, 
intensive medical therapy should be initiated prior to revas- 
cularization with PCI or CABG surgery. Patients with unsta- 
ble angina and non-ST-segment elevation MI have been 
randomized to medical therapy or PCI in the FRISC II and 
TACTICS TIMI 18 trials. These trials utilizing stenting as the 
primary therapy have favored the invasive approach. 

The indications for coronary angiography are summarized 
in the ACC/AHA Coronary Angiography Guidelines and 
recommendations for PCI are summarized in the ACC/AHA 
Unstable Angina Guidelines. Indications for PCI for patients 
with angina Class II to IV, unstable angina, or non-Q-wave 
infarction follow. 

Recommendations for Patients With Moderate or 
Severe Symptoms (Angina Class II to IV, Unstable 
Angina or Non-ST-Elevation MI) With Single- or 
Multivessel Coronary Disease on Medical Therapy 

Class I 

1. Patients with 1 or more significant lesions in 1 or 
more coronary arteries suitable for PCI with a high 
likelihood of success and low risk of morbidity or 
mortality (Table 5), The vcssel(s) to be dilated must 
subtend a moderate or large area of viable myocar- 
dium and have high risk (Table 12). (Level of 
Evidence: B) 

Class Ila 

1. Patients with focal saphenous vein graft lesions or 
multiple stenoses who are poor candidates for reop- 
erative surgery. (Level of Evidence; C) 

Class lib 

1. Patient has 1 or more lesions to be dilated with 
reduced likelihood of success (Table 5) or the ves- 
sels) subtend a less than moderate area of viable 
myocardium* Patients with 2- or 3-vesscl disease, 
with significant proximal LAD CAD and treated 
diabetes or abnormal LV function. (Level of Evi- 
dence: B) 

Class III 

1. Patient has no evidence of myocardial injury or 
ischemia on objective testing and has not had a trial 
of medical therapy, or has; 

a. Only a small area of myocardium at risk. 

b. AH lesions or the culprit lesion to be dilated 
with morphology with a low likelihood of 
success. 

c. A high risk of procedure-related morbidity 
or mortality. (Level of Evidence: C) 
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2. Patients with insignificant coronary stenosis (e.g., 
<50% diameter). (Level of Evidence: C) 

3. Patients with significant left main CAD who are 
candidates for CABG, (Level of Evidence; B) 

It is recognized by the Committee that the assessment of 
risk of unsuccessful PCI or serious morbidity or mortality 
must always be made with consideration of the alternative 
therapies available for the patient, including more intensive or 
prolonged medical therapy or surgical revascularization (Ta- 
ble 13), especially in patients with unstable angina pectoris. 

When CABG surgery is a poor option because of high risk 
due to special considerations or other organ system disease, 
patients otherwise in Class lib may be appropriately managed 
with PCI. Under these special circumstances formal surgical 
consultation is recommended. 

C. Myocardial Infarction 

The results of randomized clinical trials of intravenous 
thrombolysis and subsequent management strategies of im- 
mediate, delayed, and deferred PCI have established the 
benefits of early pharmacologic and mechanical reperfusion 
therapies for patients with acute ML 

Percutaneous coronary intervention is a very effective 
method for re-establishing coronary perfusion and is suitable 
for >90% of patients. Considerable data support the use of 
PCI for patients with acute ML Reported rates of achieving 
TIMI 3 flow, the goal of reperfusion therapy, range from 70 
to 90%- Late follow-up angiography demonstrates that 87% 
of infarct arteries remain patent. Although most evaluations 
of PCI have been in patients who are eligible to receive 
thrombolytic therapy, considerable experience supports the 
value of PCI for patients who may not be suitable for 
thrombolytic therapy due to an increased risk of bleeding, 

Intracoronary stents appear to augment the results of PCI 
for MI (Table 14). Preliminary results suggest that stenting 
achieves a better immediate angiographic result with a larger 
arterial lumen, less reclosure of the infarct-related artery, and 
fewer subsequent ischemic events than PTCA alone. Results 
from a randomized clinical trial suggest that stenting en- 
hances late clinical outcomes (reduction in composite end 
point attributable to a decrease in target-vessel revasculariza- 
tion) when compared to PTCA alone. However an increase in 
mortality at 1 year among the stent group has been reported 
in the Stent-PAMI trial. 

Primary PTCA performed without routine stenting has 
been compared to thrombolytic therapy in several random- 
ized clinical trials. These investigations consistently demon- 
strate that PTCA-treated patients experience less recurrent 
ischemia or infarction than those treated by thrombolysis. 
Trends favoring a survival benefit with PTCA are noted. Two 
meta-analyses showed superiority of PCI over thrombolysis 
for mortality with risk reductions of 034 and 0.56. It is 
important to note that these results of PCI have been achieved 
in medical centers with experienced providers and under 
circumstances where angioplasty can be performed immedi- 
ately following patient presentation. 

1. PCI in Thrombolytic-Ineligible Patients 

Randomized, controlled clinical trials evaluating the outcome 

of PCI for patients who present with ST-segment elevation 
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TABLE 15. Contraindications and Cautions for Thrombolytic 
Use in Myocardial infarction* 

Contraindications 

• Previous hemorrhagic stroke at any time, other strokes or cerebrovascular 
events within t year 

• Known intracranial neoplasm 

• Active internal bleeding (does not include menses) 

• Suspected aortic dissection 
Caution/relative contraindications 

• Severe uncontrolled hypertension on presentation (blood pressure 
>1 80/1 10 mm Hg)f 

• History of prior cerebrovascular accident or known intracerebral pathology 
not covered in contraindications 

• Current use of anticoagulants in therapeutic doses (INR >2-3); known 
bleeding diathesis 

• Recent trauma (within 2-4 weeks) including head trauma or traumatic or 
prolonged (>10 mln) CPR or major surgery (3 weeks) 

■ Noncompressible vascular punctures 

• Recent (within 2 to 4 weeks) Internal bleeding 

• For streptokfnase/anistreplase: prior exposure (especially within 5 days-2 
years) or prior allergic reaction 

• Pregnancy 

• Active peptic ulcer 

• History of chronic severe hypertension 

'Viewed as advisory for clinical decision making and may not he all-inclusive 
or definitive; tCould be an absolute contraindication in low-risk patients with 
myocardial infarction. 

INR = International Normalized Ratio; CPR = cardiopulmonary resuscitation. 

Reproduced with permission from Ryan TJ, Antman EM, Brooks NH r et al. 
ACC/AMA guidelines for the management of patients with acute myocardial 
infarction: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Committee on Management of 
Acute Myocardial Infarction). J Am Coll Cardiol 1999;34:890-911, 

but who are ineligible for thrombolytic therapy and for 
patients who experience infarction without ST-segment ele- 
vation have not been performed. Nevertheless, there is a 
general consensus that PCI is an appropriate means for 
achieving reperfusion in patients who cannot receive throm- 
bolytics because of increased risk of hemorrhage. Other 
reasons also exclude acute MI patients from thrombolytic 
therapy and the outcome of PCI in these patients may differ 
from those eligible for lytic therapy. For example, patients 
who present without ST-elevation are more often older and 
female and have higher in-hospital mortality than those with 
ST-segment elevation. Little data are available to characterize 
the value of primary PCI for this subset of acute MI patients 
(Table 15). 

2. Post-Thrombolysis PCI 

In asymptomatic patients, the strategies of routine PCI of the 
stenotic infarct-related artery immediately after successful 
thrombolysis show no benefit with regard to salvage of 
jeopardized myocardium or prevention of reinfarction or 
death. In some studies this approach was associated with 
increased incidence of adverse events, which include bleed- 
ing, recurrent ischemia, emergency coronary artery surgery, 
and death. Routine PCI immediately after thrombolysis may 
increase the chance for vascular complications at the cathe- 



terization access site and hemorrhage into the infarct-related 
vessel wall. 

3. Rescue PCI 

Rescue (also known as salvage) PCI is defined as PCI after 
failed thrombolysis for patients with continuing or recurrent 
myocardial ischemia. Rescue PCI has resulted in higher rates 
of early infarct-artery patency, improved regional infarct zone 
wall motion, and greater freedom from adverse in-hospital 
clinical events compared to a deferred PCI strategy. The 
randomized evaluation of rescue PCI with combined utiliza- 
tion end points trial (RESCUE) demonstrated a reduction in 
rates of in-hospital death and combined death and congestive 
heart failure maintained up to 1 year after study entry for 
patients presenting with anterior wall MI who failed throm- 
bolytic therapy. Improvement in TIMI grade flow from ^2 to 
3 may offer additional clinical benefit. 

4* PCI for Cardiogenic Shock 

Observational studies support the value of PCI for patients 
who develop cardiogenic shock in the early hours of ML For 
patients who do not have mechanical causes of shock, such as 
acute mitral regurgitation or septal or free wall rupture, 
mortality among those having PCI is lower than those treated 
by medical means. 

A randomized clinical trial has further clarified the role of 
emergency revascularization (ERV) in acute MI complicated 
by cardiogenic shock. This multicenter trial supports the use 
of ERV with PCI in appropriate candidates for patients <75 
years old with acute MI complicated by cardiogenic shock. 
After 6 months, there was significant survival benefit to early 
revascularization. These data strongly support the approach 
that patients <75 years with acute Ml complicated by 
cardiogenic shock should undergo emergency revasculariza- 
tion and support measures. 

5. PCI Hours to Days After Thrombolysis 
Patients who achieve reperfusion and myocardial salvage 
following thrombolytic therapy may experience reocclusion 
of the infarct artery and recurrent MI. This concern has 
prompted the routine use of catheterization and PCI prior to 
hospital discharge to identify and dilate the culprit lesion. The 
SWIFT study examined 800 patients with acute MI randomly 
assigned to PCI within 2 to 7 days after thrombolysis or to 
conservative management with intervention for spontaneous 
or provocable ischemia. There were no differences in the two 
treatment strategies regarding LV function, incidence of 
reinfarction, in-hospital survival, or 1-year survival rate. 
These data indicate that routine PCI of the infarct-related 
artery in the absence of spontaneous or provoked ischemia is 
not warranted. 

Initial studies of late (>6 to 12 h) PCI in asymptomatic 
survivors of MI indicate that opening an occluded artery does 
not appear to alter the process of LV dilation, the incidence of 
spontaneous and inducible arrhythmias, or prognosis. Al- 
though data supporting the argument to open occluded 
infarct-related arteries are persuasive, at least for large arter- 
ies subtending large areas of myocardium, there are few 
randomized trials supporting this approach. It should be noted 
that the overwhelming majority of trials were performed prior 
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to the widespread use of stents and platelet Ilb/IIIa receptor 
blockade and thus, the potential impact and benefit of these 
newer therapies in this clinical setting needs re-evaluation. 

6, PCI After Thrombolysis in Selected Patient Subgroups 

a. Young and Elderly Post-Infarct Patients 

Although not supported by randomized trials, routine cardiac 
catheterization following thrombolytic therapy for AMI has 
been a frequently performed strategy in all age groups. Young 
(<50 years) patients often undergo cardiac catheterization 
after thrombolytic therapy due to a "perceived need" to define 
coronary anatomy and thus establish psychological as well as 
clinical outcomes. In contrast, older (>75 years) patients 
have higher in-hospital and long-term mortality rates and 
enhanced clinical outcomes when treated with primary PCL 
Confirmatory studies to determine quality-of-life aspects of 
care in younger patients and to define the potential of other 
modes of coronary revascularization in older patient groups 
are not yet available. Based on the current data, with the 
exception of patients presenting with cardiogenic shock, PCI 
should be based on clinical need without special consider- 
ation of age. 

b. Patients With Prior Myocardial Infarction 

A prior MI is an independent predictor of death, reinfarction, 
and need for urgent coronary bypass surgery. In the T1MI-II 
study, patients with a history of prior Ml had a higher 42-day 
mortality (8.8% vs. 43%; p < 0.001), higher prevalence of 
multivessel CAD (60% vs. 28%; p < 0.001), and a lower LV 
ejection fraction (42% vs. 48%; p < 0.001) compared to 
patients with a first MI. Mortality tended to be lower among 
patients with a prior MI undergoing the invasive compared to 
the conservative strategy, a benefit which persisted up to 1 
year following study entry. 

Based on the earlier findings in this document and current 
practice, PCI should be based on clinical need. The presence 
of prior MI places the patient in a higher risk subset and 
should be considered in the PCI decision. 

Recommendations for Primary PCI for Acute 
Transmural MI Patients as an Alternative 
to Thrombolysis 

Class I 

1. As an alternative to thrombolytic therapy in patients 
with AMI and ST-segment elevation or new or 
presumed new left bundle branch block who can 
undergo angioplasty of the infarct artery ^12 h 
from the onset of ischemic symptoms or >12 h if 
symptoms persist, if performed in a timely fashion* 
by individuals skilled in the proceduref and sup- 
ported by experienced personnel in an appropriate 
laboratory environment.t (Level of Evidence: A) 

2. In patients who are within 36 h of an acute ST 
elevation/Q-wave or new left bundle branch block 
MI who develop cardiogenic shock, arc <75 years of 
age, and revascularization can be performed within 
18 h of the onset of shock by individuals skilled in the 
proceduref and supported by experienced personnel 



in an appropriate laboratory environment.t (Level 
of Evidence: A) 

Class Ha 

1. As a reperfusion strategy in candidates who have a 
contraindication to thrombolytic therapy* (Level of 
Evidence: C) 

Class III 

1. Elective PCI of a non-infarct-related artery at the 
time of acute MI. (Level of Evidence: C) 

2, In patients with acute MI who: 

a. have received fibrinolytic therapy within 
12 h and have no symptoms of myocardial 
ischemia. 

b. are eligible for thrombolytic therapy and are 
undergoing primary angioplasty by an inex- 
perienced operator (individual who performs 
<75 PCI procedures/year). 

c. are beyond 12 h after onset of symptoms and 
have no evidence of myocardial ischemia. 
(Level of Evidence: C) 

Recommendations for PCI After Thrombolysis 
Class I 

1. Objective evidence for recurrent infarction or isch- 
emia (rescue PCI). (Level of Evidence: B) 

Class Ha 

1. Cardiogenic shock or hemodynamic instability. 

(Level of Evidence: B) 

Class lib 

1. Recurrent angina without objective evidence of isch- 
emia/infarction. (Level of Evidence: C) 

2. Angioplasty of the infarct-rclated artery stenosis 
within hours to days (48 h) following successful 
thrombolytic therapy in asymptomatic patients 
without clinical and/or inducible evidence of isch- 
emia. (Level of Evidence: B) 

Class HI 

1, Routine PCI within 48 h following failed thrombol- 
ysis. (Level of Evidence: B) 

2. Routine PCI of the infarct-artery stenosis immedi- 
ately after thrombolytic therapy* (Level of Evidence: A) 
Recommendations for PCI During Subsequent Hospital 
Management After Acute Therapy for AMI Including 
Primary PCI 

Class I 

1. Spontaneous or provocablc myocardial ischemia dur- 
ing recovery from infarction. (Level of Evidence: Q 

2* Persistent hemodynamic instability. (Level of Evi- 
dence: C) 

Class Ha 

1. Patients with LV ejection fraction £0.4, CHF, or 
serious ventricular arrhythmias. (Level of Evidence: C) 



♦Performance standard: balloon inflation within 90 (±30) min of 
hospital admission; "j 1 Individuals who perform ^75 PCI procedures/year; 
JCentcrs that perform >200 PCI procedures/year and have cardiac 
surgical capability. 
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Class lib 

1. Coronary angiography and angioplasty for an oc- 
cluded infarct-related artery in an otherwise stable 
patient to revascularize that artery (open artery 
hypothesis). (Level of Evidence: C) 

2. All patients after a non-Q-wave ML (Level of Evi- 
dence: C) 

3. Clinical HF during the acute episode, but subse- 
quent demonstration of preserved LV function (LV 
ejection fraction >0.4). (Level of Evidence: C) 

Class III 

1. PCI of the infarct-related artery within 48 to 72 h after 
thrombolytic therapy without evidence of spontaneous 
or provocable ischemia. (Level of Evidence: C) 

D. Percutaneous Intervention in Patients With 
Prior Coronary Bypass Surgery 

Ischemic symptoms recur in 4% to 8% of patients/year 
following CABG. Recurrence of symptoms can be attributed 
to progression of native vessel coronary disease (5%/year) 
and bypass conduit occlusion, particularly SVG failure (7% 
in week 1; 15 to 20% in first year; 1 to 2%/year during the 
first 5 to 6 years and 3 to 5%/year in years 6 to 10 
postoperatively). At 1 0 years postoperatively, approximately 
half of all SVG conduits are occluded and only half of the 
remaining patent grafts are free of significant disease. The 
requirement for repeat revascularization procedures increases 
over time from the initial revascularization, particularly in 
younger patients. Although arterial conduits exhibit improved 
long-term patency, stenosis or occlusion of these grafts can 
occur. Thus, patients with recurrent ischemic symptoms 
following CABG may require repeat revascularization due to 
diverse anatomic problems. 

Risk of repeat surgical revascularization is higher (hospital 
mortality 7 to 10%) than initial CABG and both long-term 
relief of angina and bypass graft patency are lower than that 
of the first procedure. In addition, patients with prior bypass 
surgery may have limited graft conduits, impaired LV func- 
tion, advanced age, and coexisting medical conditions (cere- 
brovascular disease; renal and pulmonary insufficiency) 
which may complicate repeat surgical coronary revascular- 
ization and prompt consideration for catheter-based interven- 
tion. 

L Early Ischemia After CABG 

Recurrent ischemia early (<30 days) postoperatively usually 
reflects graft failure, often secondary to thrombosis, and may 
occur in both saphenous vein and arterial graft conduits. 
Incomplete revascularization and unbypassed native vessel 
stenoses or stenoses distal to a bypass graft anastomosis may 
also precipitate recurrent ischemia. Urgent coronary angiog- 
raphy is indicated to define the anatomic cause of ischemia 
and to determine the best course of therapy. Emergency PCI 
of a focal graft stenosis (venous or arterial) or recanalization 
of an acute graft thrombosis may successfully relieve isch- 
emia in the majority of patients. Balloon dilation across 
suture lines has been accomplished safely within days of 
surgery. Adjunctive therapy with abciximab for percutaneous 



intervention during the first week following bypass surgery 
has been limited but intuitively may pose less risk for 
hemorrhage than fibrinolysis. As flow in vein graft conduits 
is pressure dependent, intra-aortic balloon pump support 
should be considered in the context of systemic hypotension 
and/or severe LV dysfunction. If feasible, PCI of both bypass 
graft and native vessel offending stenoses should be at- 
tempted, particularly if intracoronary stents can be success- 
fully deployed. 

When ischemia occurs 1 to 12 months following surgery, 
the etiology is usually perianastomotic graft stenosis. Distal 
anastomotic stenoses (both arterial and venous) respond well 
to balloon dilation alone and have a more favorable long-term 
prognosis than stenoses involving the mid-shaft or proximal 
vein graft anastomosis. The immediate results of PCI in 
mid-shaft ostial or distal anastomotic vein graft stenoses may 
be enhanced by coronary stent deployment. 

Percutaneous transluminal coronary angioplasty with or 
without stent deployment can be successfully performed in 
patients with distal anastomotic stenoses involving the gas- 
troepiploic artery bypass graft and in patients with free radial 
artery bypass grafts as well. Percutaneous intervention has 
also been effective in relieving ischemia for patients with the 
stenosis of the subclavian artery proximal to the origin of a 
patent left internal mammary artery bypass graft. 

2. Late Ischemia After CABG 

Ischemia occurring more than 1 year postoperatively usually 
reflects the development of new stenoses in graft conduits 
and/or native vessels that may be amenable to PCI. Slow-flow 
occurs more frequently in grafts having diffuse atheroscle- 
rotic involvement, angiographically demonstrable thrombus, 
irregular or ulcerative lesion surfaces, and with long lesions 
having large plaque volume. 

Final patency after PTCA is greater for distal SVG lesions 
than for ostial or mid-SVG lesions, and stenosis location 
appears to be a better determinant of final patency than graft 
age or the type of interventional device used. 

Percutaneous intervention for chronic vein graft occlusion 
has been problematic. Percutaneous transluminal coronary 
angioplasty alone has been associated with high complication 
rates and low rates of sustained patency. Favorable results 
have been obtained with both local "targeted" and more 
prolonged infusion of fibrinolytic agents for nonocclusive 
intragraft thrombus. Thrombolytic catheter-based systems 
appear to successfully treat SVG thrombosis as well as or 
better than thrombolytic agents. 

3. Early and Late Outcomes of Percutaneous Intervention 
Patients with prior bypass surgery who undergo successful 
PCI have a long-term outcome that is dependent on patient 
age, the degree of LV dysfunction, and the presence of 
multivessel coronary atherosclerosis. The best long-term 
results are observed after recanalization of distal anastomotic 
stenoses occurring within 1 year of operation. Conversely, 
event-free survival is less favorable following angioplasty of 
totally occluded SVGs, ostial vein graft stenoses, or grafts 
with diffuse or multicentric disease. Coexistent multisystems 
disease, the presence of which may have prompted the choice 
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of a percutaneous revascularization strategy, may also influ- 
ence long-term outcomes in this population. 

4. Surgery Versus Percutaneous Reintervention 
Aged, diffuse, friable and degenerative SVG disease in the 
absence of a patent arterial conduit to the left anterior 
descending artery represents a prime consideration for repeat 
surgical revascularization. The overall risk of repeat opera- 
tion, especially the presence of comorbidities such as con- 
comitant cerebrovascular, renal, or pulmonary disease and the 
potential for jeopardizing patent, nondiseased bypass con- 
duits must be carefully considered. Isolated, friable stenoses 
in vein grafts may be approached with primary stenting or the 
combination of extraction atherectomy and stenting in an 
attempt to reduce the likelihood of distal embolization. 

In general, patients with multivessel disease, failure of 
multiple SVGs, and moderately impaired LV function, derive 
the greatest benefit from the durability provided by surgical 
revascularization with arterial conduits. Regardless of repeat 
revascularization strategy, risk-factor modification with ces- 
sation of smoking and lipid-lowering therapy should be 
implemented in patients with prior CABG surgery. An 
aggressive lipid-lowering strategy that targets a low-density 
lipoprotein level of less than 90 mg/L can be effective in 
reducing recurrent ischemic events and the need for subse- 
quent revascularization procedures. 

Recommendations for PCI With Prior CABG 
Class I 

1. Patients with early ischemia (usually within 30 days) 
after CABG. (Level of Evidence; B) 

Class 11a 

L Patients with ischemia occurring 1 to 3 years post- 
operatively and preserved LV function with discrete 
lesions in graft conduits. (Level of Evidence: B) 

2. Disabling angina secondary to new disease in a 
native coronary circulation. (If angina is not typical, 
the objective evidence of ischemia should be ob- 
tained.) (Level of Evidence: B) 

3. Patients with diseased vein grafts >3 years following 
CABG. (Level of Evidence: B) 

Class III 

1. PCI to chronic total vein graft occlusions. (Level of 
Evidence; B) 

2. Patients with multivessel disease, failure or multiple 
SVGs, and impaired LV function. (Level of Evi- 
dence; B) 

E. Use of Adjunctive Technology (Intracoronary 
Ultrasound Imaging, Flow Velocity, and Pressure) 

The limitations of coronary angiography for diagnostic and 
interventional procedures can be reduced by employing 
adjunctive technology of intracoronary ultrasound imaging, 
flow velocity, and pressure. Information obtained from the 
adjunctive modalities of intravascular imaging and physiol- 
ogy can improve PCI methods and outcomes. 



L Intravascular Ultrasound Imaging (IVUS) 
IVUS is not necessary for all stent procedures. The results of 
the French Stent Registry study of 2900 patients treated 
without Coumadin and without IVUS reported a subacute 
closure rate of 1.8°/o. In the STARS trial, a subacute closure 
rate of 0.6% in patients having optimal stent implantation 
supports the approach that IVUS does not appear to be 
required routinely in all stent implantations. However, the use 
of IVUS for evaluating results in high-risk procedures (i.e., 
those patients with multiple stents, impaired TIMI grade flow 
or coronary flow reserve, and marginal angiographic appear- 
ance) appears warranted. 

In the context of published data and growing clinical 
experience, the Writing Committee has modified prior rec- 
ommendations for the use of IVUS as follows. 

Recommendations for Coronary Intravascular 

Ultrasound 

Class Ha 

1. Assessment of the adequacy of deployment of coro- 
nary stents, including the extent of stent apposition 
and determination of the minimum luminal diame- 
ter within the stent. (Level of Evidence: B) 

2. Determination of the mechanism of stent restenosis 
(inadequate expansion vs. neointimal proliferation) 
and to enable selection of appropriate therapy 
(plaque ablation vs. repeat balloon expansion). (Lev- 
el of Evidence: B) 

3* Evaluation of coronary obstruction at a location 
difficult to image by angiography in a patient with 
a suspected flow -limiting stenosis. (Level of Evi- 
dence; C) 

4. Assessment of a sub optimal angiographic result fol- 
lowing PCI. (Level of Evidence: C) 

5. Diagnosis and management of coronary disease follow- 
ing cardiac transplantation. (Level of Evidence: C) 

6. Establish presence and distribution of coronary cal- 
cium in patients for whom adjunctive rotational 
atherectomy is contemplated. (Level of Evidence: C) 

7. Determination of plaque location and circumferen- 
tial distribution for guidance of directional coronary 
atherectomy. (Level of Evidence: B) 

Class lib 

1. Determine extent of atherosclerosis in patients with 
characteristic anginal symptoms and a positive func- 
tional study with no focal stenoses or mild CAD on 
angiography* (Level of Evidence: C) 

2. Preinterventional assessment of lesional character- 
istics and vessel dimensions as a means to select an 
optimal revascularization device. (Level of Evi- 
dence: C) 

Class III 

1. When angiographic diagnosis is clear and no inter- 
ventional treatment is planned. (Level of Evidence; C) 

2. Coronary Flow Velocity and Coronary 
Vasodilatory Reserve 

Coronary flow velocity reserve (CVR), the ratio of hyperemic 
to basal flow, reflects flow resistance through the epicardial 
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artery and the corresponding myocardial bed. For lesion 
assessment, a normal CVR indicates a nonphysiologically 
significant stenosis. An abnormal CVR indicates that the 
stenosis in the epicardial artery is significant when the 
microcirculation is normal, confirmed by measuring rCVR. 
Several studies report that deferring PCI of non-flow-limiting 
lesions is safe, with <10% rate of lesion progression. 

3. Coronary Artery Pressure and Fractional 
Flow Reserve 

Fractional flow reserve (FFR) of the myocardium is the ratio 
of distal coronary pressure to aortic pressure measured during 
maximal hyperemia, which represents the fraction of normal 
blood flow through the stenotic artery. The normal FFR value 
for all vessels under all hemodynamic conditions, regardless 
of the status of microcirculation is 1.0. FFR values <0.75 are 
associated with abnormal stress tests, FFR does not use 
measurements in a reference vessel and is thought to be 
epicardial lesion-specific. 

Reports indicate that a physiologic assessment can deter- 
mine whether PTCA alone has achieved a satisfactory result 
with 6-month outcome equivalent to that reported with 
elective stenting. The DEBATE trial in 224 patients found 
that when a final diameter stenosis <35% and an excellent 
physiologic result (CVR >2.5) were obtained after PTCA 
(44/224 patients), the intermediate-term (6 months) target 
lesion revascularization and angiographic restenosis rates 
were 16%. Similar data have been reported for FFR. The 
application of coronary physiologic adjunctive modalities can 
facilitate decision making for moderate lesions, the appropri- 
ateness of PTCA, and the use of provisional stenting. 

Recommendations for Intracoronary Physiologic 
Measurements (Doppler Ultrasound, FFR) 
Class Ha 

1. Assessment of the physiological effects of intermedi- 
ate coronary stenoses (30 to 70% luminal narrow- 
ing) in patients with anginal symptoms* Coronary 
pressure or Doppler velocimetry may also be useful 
as an alternative to performing noninvasive func- 
tional testing (e.g., when the functional study is 
absent or ambiguous) to determine whether an 
intervention is warranted. (Level of Evidence: B) 

Class lib 

1. Evaluation of the success of percutaneous coronary 
revascularization in restoring flow reserve and to 
predict the risk of restenosis. (Level of Evidence; C) 

2, Evaluation of patients with anginal symptoms with- 
out an apparent angiographic culprit lesion. (Level 
of Evidence: C) 

CJass III 

1. Routine assessment of the severity of angiographic 
disease in patients with a positive, unequivocal non- 
invasive functional study. (Level of Evidence: C) 

VL Management of Patients Undergoing PCI 

A. Experience With New Technologies 

The introduction of coronary stents and atherectomy devices 
has broadened the scope of patients that can be approached by 
PCI beyond those that could be safely treated by PTCA alone. 



/. Acute Results 

Significant reduction in the acute complication rate for PTCA 
has resulted from the adjunctive use of GP receptor Ilb/IIIa 
blockers, which have been shown to reduce abrupt closure 
and periprocedural MI rates compared to placebo. Improved 
acute outcomes (in terms of abrupt closure rates and reduced 
target lesion residual diameter stenosis) have also been seen 
with the use of coronary stents, DCA, and adjunctive rota- 
tional atherectomy. 

2. Late-Term Results 

PCI devices offer the possibility of lower restenosis com- 
pared to PTCA in the native coronary circulation. Lower 
restenosis rates have been demonstrated for balloon- 
expandable slotted tubular stents in large (S;3 mm) native 
coronary arteries but are variable depending on lesion length 
for SVG lesions. Initial trials of DCA showed no benefit 
compared to PTCA for elective single-lesion treatment. 
Despite the improvement in acute results seen for rotational 
atherectomy and excimer laser, there is no evidence that these 
devices improve the late outcomes in lesions than can be 
feasibly treated by PTCA or stenting alone. 

B. Antiplatelet and Antithrombotic Therapies and 
Coronary Angioplasty 

L Aspirin, Ticlopidine, Clopidogret 
Aspirin reduces the frequency of ischemic complications 
after coronary angioplasty. Although the minimum effective 
aspirin dosage in the setting of coronary angioplasty has not 
been established, an empiric dose of aspirin, 80 to 325 mg, 
given at least 2 h before PCI is generally recommended. 
While other antiplatelet agents have similar antiplatelet ef- 
fects to aspirin, only the thienopyridine derivatives, ticlopi- 
dine and clopidogrel, have been routinely used as alternative 
antiplatelet agents in aspirin-sensitive patients during coro- 
nary angioplasty. 

Ticlopidine has a number of important side effects. The 
most severe side effect is severe neutropenia, occurring in 
approximately 1% of patients. Clopidogrel, 300 mg loading 
dose followed by 75 mg daily, may be used as an alternative 
to ticlopidine in patients undergoing stent placement. A 
number of nonrandomized trials and a randomized trial have 
failed to show a difference in the clinical outcomes among 
patients treated with ticlopidine and clopidogrel after stent 
placement A small number of cases of thrombocytopenia 
purpura have been reported in patients treated with clopi- 
dogrel; therefore, patients should be monitored during treat- 
ment for occurrence of this untoward effect. 

2. GP Ilb/IHa Inhibitors 

The binding of fibrinogen and other adhesive proteins to 
adjacent platelets by means of the GP Ilb/IIIa receptor serves 
as the "final common pathway" of platelet-thrombus forma- 
tion and can be effectively attenuated by GP Ilb/IIIa antag- 
onists. These agents have reduced the frequency of ischemic 
complications after coronary angioplasty. 

Based on the numerous trials to date (Fig. \), intravenous 
GP Ilb/IIIa receptor inhibitors should be considered in pa- 
tients undergoing coronary angioplasty> particularly those 
with unstable angina or with other clinical characteristics of 
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Figure 1. Death or nonfatal Ml outcomes at 30 days in 10 randomized, placebo-controlled trials of GP llb/llla blockers. Data and acro- 
nyms from references 30-39 (these numbers coincide with references in the original article). Risk ratio with 95% Ci, size of RR box 
being proportional to total sample size. Frequency of death or nonfatal Ml in columns 4 and 5. Overall (all 10 trials) benefit of GP llb/llla 
blockade highly significant (RR = 0.79 [95% CI 0.73-0.85; p < W~% GP = glycoprotein; OR « odds ratio; Cf ~ confidence interval; 
Ml = myocardial infarction. Reproduced with permission from Topol EJ, et aL Lancet 1999;353:227-31. 



high-risk. There is no consistent evidence that the GP Ilb/IIIa 
inhibitors reduce the frequency of late restenosis in the 
nondiabetic patient. In EPISTENT, diabetic patients who 
received abciximab therapy in conjunction with stent deploy- 
ment had a 51% reduction in target- vessel revascularization 
at 6 months. This trial is the only one that has shown a 
reduction in target-vessel revascularization in the diabetic 
group. It will be important to determine if supporting evi- 
dence is found from other trials using this agent and other GP 
Ilb/JIla antagonists. 

3* Heparin 

Heparin is an important component for PCI, despite dosing 
uncertainties and an unpredictable therapeutic response with 
the unfractionated preparation. Higher levels of anticoagula- 
tion with heparin are roughly correlated with therapeutic 
efficacy in the reduction of complications during coronary 
angioplasty, albeit at the expense of bleeding complications at 
very high levels of heparin dosing. It appears that weight- 
adjusted heparin dosing may provide a clinically superior 
anticoagulation method over fixed heparin dosing, although 
definitive studies are lacking. 

Some patients with unstable angina are treated with low- 
molecular-weight heparin (LMWH) prior to coronary angio- 
plasty. Anticoagulation monitoring is not routinely possible 
with LMWH, and conventional dosages of unfractionated 
heparin are currently recommended. Conventional ACT mon- 
itoring methods may underestimate the true degree of 
periprocedural anticoagulation with LMWH. Use of LMWH 
as the sole anticoagulant during PCI is not supported at this 
time in the absence of absolute or relative contraindications to 
unfractionated heparin, although data from clinical trials of 
these agents administered alone or in conjunction with GP 
Ilb/IIIa blockade are forthcoming. 

In those patients who do not receive GP Ilb/IIIa inhibitors, 
sufficient unfractionated heparin should be given during 



coronary angioplasty to achieve an ACT of 250 to 300 s with 
the HemoTec device and 300 to 350 s with the Hemochron 
device. 

The unfractionated heparin bolus should be reduced to 50 
to 70 IU/kg when GP Ilb/IIIa inhibitors are given in order to 
achieve a target ACT of 200 s using either the HemoTec or 
Hemochron device. 

C. Post-PCI Management 

Following PCI, in-hospital care should focus on monitoring 
the patient for recurrent myocardial ischemia, achieving 
hemostasis at the catheter insertion site, and detecting and 
preventing contrast-induced renal failure. Attention should 
also be directed toward implementing appropriate secondary 
atherosclerosis prevention programs. The patient should un- 
derstand and adhere to recommended medical therapies and 
behavior modifications known to reduce subsequent morbid- 
ity and mortality from coronary heart disease. 

Most patients can be safely discharged from the hospital 
within 24 h after an uncomplicated elective PCI. Special 
skilled nursing units have been developed by many institu- 
tions to facilitate post-PCI management. Specific protocols 
for sheath removal, continuation of anticoagulation or antiplate- 
let therapies, and observation for recurrent myocardial ischemia/ 
infarction and contrast-induced renal failure are of particular 
assistance in ensuring appropriate outcomes during this period. 
Pilot studies suggest that selected patients may be discharged on 
the same day after PCI especially when the procedure is 
performed by the percutaneous radial or brachial approach. 
However, confirmation by larger studies is necessary prior to 
widespread endorsement of this strategy. 

/♦ Postprocedure Evaluation of Ischemia 
After PCI, chest pain may occur in as many as 50% of 
patients. ECG evidence of ischemia identifies those with 
significant risk for acute vessel closure. When angina pectoris 
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or ischemic ECG changes occur after PCI, the decision to 
proceed with further interventional procedures, CABG sur- 
gery, or medical therapy should be individualized based on 
factors such as hemodynamic stability, amount of myocar- 
dium at risk, and the likelihood that the treatment will be 
successful. 

Patients with renal dysfunction and diabetes should be 
monitored for contrast-induced nephropathy. In addition, 
those patients receiving higher contrast loads or a second 
contrast load within 72 h should have renal function assessed. 
Whenever possible, nephrotoxic drugs (certain antibiotics, 
nonsteroidal anti-inflammatory agents, and cyclosporine) and 
metformin (especially in those with pre-existing renal dys- 
function) should be withheld for 24 to 48 h prior to perform- 
ing PCI and for 48 h afterwards. 

Z Risk-Factor Modifications 

All patients should be instructed about necessary behavior 
and risk-factor modification and the appropriate medical 
therapies for the secondary prevention of atherosclerosis prior 
to leaving the hospital. The interventional cardiologist should 
emphasize the importance of these measures directly to the 
patient as failure to do so may suggest that secondary 
prevention therapies are not necessary. The interventional 
cardiologist should interact with the primary care physician to 
assure that necessary secondary prevention therapies are 
initiated and maintained. Secondary prevention measures are 
an essential part of long-term therapy because they can 
reduce future morbidity and mortality associated with the 
atherosclerotic process. 

Depending on the risk factors and contraindications present, 
advice should include aspirin therapy, hypertensive control, 
diabetic management, aggressive control of serum lipids to a 
target LDL goal <100 mgm/dl following AHA guidelines, 
abstinence from tobacco use, weight control, regular exercise, 
and ACE inhibitor therapy as recommended in the AHA/ACC 
consensus statement on secondary prevention, 

3. Exercise Testing After PCI 

Although restenosis remains the major limitation of PCI, 
symptom status is an unreliable index to development of 
restenosis with 25% of asymptomatic patients documented as 
having ischemia on exercise testing. 

Because myocardial ischemia, whether painful or silent, 
worsens prognosis, some authorities have advocated routine 
testing. However, the ACC/AHA practice guidelines for 
exercise testing favor selective evaluation in patients consid- 
ered to be at particularly high risk (e.g., patients with 
decreased LV function, multivessel CAD, proximal left 
anterior descending disease, previous sudden death, diabetes 
mellitus, hazardous occupations, and suboptimal PCI results). 
The exercise ECG is an insensitive predictor of restenosis, 
with sensitivities ranging from 40 to 55%, significantly less 
than those obtainable with SPECT or exercise echocardiog- 
raphy. This lower sensitivity of the exercise ECG and its 
inability to localize disease limits its usefulness in patient 
management both before and after PCI. For those reasons, 
stress imaging is preferred to evaluate symptomatic patients 
after PCI. If the patient's exertional capacity is significantly 
limited, coronary angiography may be more expeditious to 



evaluate symptoms of typical angina. Exercise testing after 
discharge is helpful for activity counseling and/or exercise 
training as part of cardiac rehabilitation. Neither exercise 
testing nor radionuclide imaging is indicated for the routine, 
periodic monitoring of asymptomatic patients after PCI with- 
out specific indications. 

VII. Special Considerations 

A. Ad-Hoc Angioplasty — PCI at the Time of 
Initial Cardiac Catheterization 

Ad-hoc coronary intervention is PCI performed at the same 
time as diagnostic cardiac catheterization. Since the last 
revision of these Guidelines, there has been an increase in 
ad-hoc interventions with reported incidence ranging from 52 
to 83% 

Ad-hoc coronary intervention is particularly suitable for 
patients with clinical evidence of restenosis 6 to 12 months 
following the initial procedure, patients undergoing primary 
angioplasty for MI, and patients with refractory unstable 
angina in need of urgent revascularization. Ad-hoc PCI 
should be performed only in a well-informed patient, partic- 
ularly in the setting of single-vessel disease without morpho- 
logic features predictive of an adverse outcome, when it is 
clear that this treatment strategy is the best alternative. This 
committee endorses the recommendations from the Society 
for Cardiac Angiography and Interventions that ad-hoc PCI 
be individualized and not be a standard or required strategy 
for all patients. 

B. PCI in Cardiac Transplant Patients 

Although high procedural success can be achieved and PCI 
may be applied in a selected cardiac transplant population 
with comparable success and complication rates to the routine 
patient population, it remains unknown whether PCI prolongs 
allograft survival. Coronary stenting in cardiac allograft 
vascular disease has been performed in small numbers of 
patients with favorable results. Long-term survival effects 
remain under examination. 

C. Management of Clinical Restenosis 

Although atheroablation devices have been developed in an 
attempt to lower the second restenosis risk in patients, none 
has shown an incremental benefit over PTCA. It is recom- 
mended that patients who develop restenosis following an 
initially successful PTCA be considered for repeat PCI with 
stent placement. Factors that may influence this decision 
include the technical difficulty of the initial procedure, the 
potential for the lesion to be treated successfully with a stent, 
and the severity and extent of the restenotic process. Each 
time restenosis recurs, consideration should be given to 
alternate methods of revascularization, particularly CABG 
surgery, as well as continued medical therapy. 

D. Restenosis After Stent Implantation 
(In-stent Restenosis) 

Intracoronary vascular radiation for in-stent restenosis with 
either gamma or beta radiation is the most promising therapy 
for in-stent restenosis at this time, reducing the chance for 
repeat restenosis by other methods from 50 to 60% to 25 to 
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35%. In the absence of vascular radiation for in-stent resten- 
osis, there appears to be little difference in outcome between 
angioplasty alone as compared to combination with ablative 
techniques. 

E. Cost-Effectiveness Analysis for PCI 

While there is no established cost-effectiveness ratio thresh- 
old, cost-effectiveness ratios of <$20,000 per QALY (such 
as seen in the treatment of severe diastolic hypertension or 
cholesterol lowering in patients with ischemic heart disease) 
are considered highly favorable and consistent with well 
accepted therapies. 

In patients with severe angina, normal LV function, and 
single- vessel disease of the left anterior descending artery, the 
cost-effectiveness ratio for PTCA, directional coronary 
atherectomy, or coronary stenting that can be expected to 
provide >90% success rate with <3% major acute compli- 
cation rate is very favorable (< $20,000 per QALY) com- 
pared to medical therapy. In patients with 3-vessel coronary 
disease who have comorbidities that increase operative risk 
for CABG surgery, PCI that is felt to be safe and feasible is 
reasonably acceptable ($20,000 to $60,000 per QALY). In 
patients in the post-MI setting, a strategy of routine, 
nonsymptom-driven coronary, angiography and PCI per- 
formed for critical (>70% diameter stenosis) culprit coronary 
lesions amenable to PTCA or stenting has been proposed to 
be reasonably cost-effective in many subgroups. 

In patients with symptomatic angina or documented isch- 
emia and 3-vessel coronary disease, for which bypass surgery 
can be expected to provide full revascularization and an acute 
complication rate of less than 5%, the cost-effectiveness of 
PCI is not well established. Although PTCA for 2- and 
3-vessel coronary disease appears to be as safe, but initially 
less expensive, than CABG surgery, the costs of PTCA 
converge towards the higher costs of bypass surgery after 3 to 
5 years. Thus, while PTCA or CABG surgery has been shown 
to be cost-effective when compared to medical therapy, there 



is no evidence for incremental cost-effectiveness of PTCA 
over bypass surgery for 2- or 3-vessel coronary disease in 
patients who are considered good candidates for both proce- 
dures. For patients with 1- or 2-vessel coronary disease who 
are asymptomatic or have only mild angina, without docu- 
mented left main disease, the estimated cost-effectiveness 
ratios for PCI are greater than $80,000 per QALY compared 
with medical therapy, and are thus considered less favorable. 

Because CEA research is new in the field of percutaneous 
coronary intervention, CEA results are limited. The Commit- 
tee underscores the need for cost containment and careful 
decision making regarding the use of PCI strategies. 

VIIL Future Directions 

An exciting arena of active investigation relates to methods of 
distal protection of the coronary vascular bed during PCI. It is 
now recognized that distal embolization is an important 
contributor to complications in patients undergoing SVG 
intervention. Distal embolization is often due to dislodgement 
of large, macroparticles from the friable graft, rather than 
release of platelet-mediated aggregates. This complication 
can be prevented by the use of distal occlusion balloons, such 
as the PercuSurge Guardwire, or with the use of distal filters 
that trap the debris and remove it from the distal circulation. 
A number of filter devices are currently undergoing clinical 
evaluation, particularly in saphenous vein graft disease and 
during carotid intervention. 

Restenosis has also remained a vexing problem, despite the 
benefits achieved with stent implantation. Novel therapies 
have been developed, such as the application of therapeutic 
ultrasound, photodynamic therapy, and systemic administra- 
tion of the anti-inflammatory agent tranilast. An area of active 
investigation involves the use of balloon-expandable stents 
coated with rapamycin, paclitaxol, or its derivative. The local 
delivery of these agents has shown promise in early clinical 
trials, and longer-term studies are currently underway. 
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Since the original publication (in 1995) of the American 
Heart Association (AHA) consensus statement on sec- 
ondary prevention, which was endorsed by the American 
College of Cardiology (ACC), important evidence from 
clinical trials has emerged that further supports the merits 
of aggressive risk reduction therapies for patients with 
atherosclerotic cardiovascular disease. As noted in that 
statement, aggressive risk factor management clearly im- 
proves patient survival, reduces recurrent events and the 
need for interventional procedures, and improves the 
quality of life for these patients. 

The compelling evidence from recent clinical trials was the 
impetus to revise the 1995 guidelines (Table). As examples, 
the many lipid reduction trials have generated significant 
changes in the National Heart, Lung, and Blood Institute's 
Adult Treatment Panel III report. This report further defined 
target cholesterol levels, expanded indications for drug treat- 
ment, and initiated therapy earlier. Accumulating /3-blocker 
data have resulted in broader indications for a larger patient 
group. The Heart Outcomes Prevention Evaluation (HOPE) 
trial has demonstrated the benefit of ACE inhibitor therapy in 
high-risk patients with cardiovascular disease without a 
history of an acute event. Further data from ongoing trials 
should provide insight into the potential benefits of treating 
lower risk patients with combined therapies. The Clopidogrel 
versus Aspirin in Patients at Risk of Ischemic Events (CAP- 
RIE) trial has provided evidence for clopidogrel benefit in 



certain patients. Diabetes management recommendations 
have been updated to include recent guidelines from the 
American Diabetes Association for risk factor management 
of diabetics and the growing body of evidence showing 
diabetics at high risk for cardiovascular events. The Heart and 
Estrogen/progestin Replacement Study (HERS) documented 
that hormone replacement therapy is ineffective for second- 
ary prevention. The writing group revising this document also 
considered other important trials and reports, and they are 
included in the selected reading list. 

In the 6 years since the guidelines were first published, 2 
other developments have made them even more important in 
clinical care: the aging of the population continues to expand 
the number of patients living with a diagnosis of cardiovas- 
cular disease (now estimated at 12.4 million), and the 
multiple studies of the actual use of these recommended 
therapies in appropriate patients, while showing slow im- 
provement, have continued to support the discouraging con- 
clusion that a large proportion of patients in whom therapies 
are indicated are not receiving those therapies in actual 
clinical practice. The AHA and ACC continue to urge that all 
medical care settings in which these patients are managed 
organize a specific plan to identify appropriate patients, 
provide practitioners with useful reminder clues based on the 
guidelines, and continuously assess the success achieved in 
providing all appropriate therapies to all of the patients who 
can benefit from them. 
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AHA/ACC Secondary Prevention for Patients With Coronary and Other Vascular Disease: 2001 Update 



Goals 


Intervention Recommendations 


Smoking: 
Goal 

complete cessation 


Assess tobacco use. Strongly encourage patient and family to stop smoking and to avoid secondhand smoke. Provide 
counseling, pharmacological therapy, including nicotine replacement and bupropion, and formal smoking cessation 
programs as appropriate. 


BP control: 
Goal 

<1 40/90 mm Hg or 
<130/85 mmHg if 
heart failure or renal 
insufficiency 
<1 30/30 mmHg if 
diabetes 


initiate lifestyle modification (weight control, physical activity, alcohol moderation, moderate sodium restriction, and 
emphasis Dn fruits, vegetables, and tow-fat dairy products) in all patients with blood pressure >130 mm Hg systolic or 
80 mm Hg diastolic. 

Add blood pressure medication, individualized to other patient requirements and characteristics (ie, age, race, need for 
drugs with specific benefits) if blood pressure is not <140 mm Hg systolic or 90 mm Hg diastolic or if blood pressure is 
not < 130 mm Hg systolic or 35 mm Hg diastolic for individuals with heart failure or renal insufficiency (<80 mm Hg 
diastolic for individuals with diabetes). 


Lipid management: 

Primary poal 
LDL<100 mg/dL 


Start dietary therapy In all patients (<7% saturated fat and <200 mg/d cholesterol) and promote physical activity and 
weight management. Encourage increased consumption of omega-3 fatty acids. Assess fasting lipid profile in at) patients, 
and within 24 hr of hospitalization for those with an acute event If patients are hospitalized, consider adding drug 
therapy on discharge. Add drug therapy according to the following guide: 


LDL <100 mg/dL 
(baseline or on-treatment) 
Further LDL-lowering therapy not 
required 

Consider fibrate or niacin (if low 
HDL or high TG) 


LDL 100-129 mg/dL 
(baseline or on-treatment) 
Therapeutic options: 

Intensify LDL-lowering therapy 

(statin or resin*) 

Fibrate or niacin (if low HDL or 

high TG) 

Consider combined drug therapy 
(statin ^fibrate or niacin) (if low 
HDL or high TG) 


LDL >130 mg/dL 
(baseline or on-treatment) 
Intensify LDL-lDwering therapy 
{statin or resin*) 
Add or increase drug therapy 
with lifestyle therapies 


Lipid management: 

Secondary aoal 
If TG >200 mg/dL, 
then non-HDLf should 
be <130 mg/dL 


If TG ^150 mg/dL or HDL <40 mg/dL: Emphasize weight management and physical activity. Advise smoking cessation. 
If TG 200-499 mg/dL: Consider fibrate or niacin after LDL-lowering therapy* 
If TG >500 mg/dL: Consider fibrate or niacin before LDL-lowering therapy* 
Consider omega-3 fatty acids as adjunct for high TG 


Physical activity: 

Minimum qoal 

30 minutes 3 to 4 days 

per week 

Optimal dailv 


Assess risk, preferably with exercise test, to guide prescription. 

Encourage minimum of 30 to 60 minutes of activity, preferably daily, or at least 3 or 4 times weekly (walking, jogging, 
cycling, or other aerobic activity) supplemented by an increase in daily lifestyle activities (eg, walking breaks at work, 
gardening, household work). Advise medically supervised programs for moderate- to high-risk patients. 


Weight management: 
Goal 

BMI 18 5-24 9 kn/m 2 


Calculate BMI and measure waist circumference as part of evaluation. Monitor response of BMI and waist circumference 
to therapy. 

Start weight management and physical activity as appropriate. Desirable BMI range is 18.5-24.9 kg/m z . 
When BMI s25 kg/m 2 , goal for waist circumference is <4Q inches in men and ==35 inches in women. 


Goal 

HbA1 e <7% 


Appropriate hypoglycemic therapy to achieve near-normal fasting plasma gfucose, as indicated by HbA1 c . 
Treatment of other risks (eg, physical activity, weight management, blood pressure, and cholesterol management). 


Antiplatelet agents/ 
anticoagulants: 


Start and continue indefinitely aspirin 75 to 325 mg/d if not contraindicated* Consider clopidogrel 75 mg/d or warfarin if 
aspirin contraindicated. Manage warfarin to international normalized ratio =2.0 to 3.0 in post-Mi patients when clinically 
indicated or for those not able to take aspirin or clopidogrel. 


ACE inhibitors: 


Treat all patients indefinitely post Ml; start early in stable high-risk patients (anterior Ml, previous Ml, Killip class II [S 3 
gallop, rales, radiographic CHF]), Consider chronic therapy for all other patients with coronary or olher vascular disease 
unless contraindicated. 


^-Blockers: 


Start in all post-MJ and acute ischemic syndrome patients. Continue indefinitely. Observe usual contraindications. Use as 
needed to manage angina, rhythm, or blood pressure in all other patients. 



BP indicates blood pressure; TG, triglycerides; BMI, body mass index; HbA1 c , major fraction of adult hemoglobin; Ml, myocardial infarction; and CHF, congestive 
heart failure. 

*The use of resin is relatively contraindicated when TG >200 mg/dL. 
tNon-HDL cho!esteral=total cholesterol minus HDL cholesterol. 
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CYCLOOXYGENASES 1 AND 2 
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Abstract 

Cyclooxygenase (COX), first purified in 1976 and cloned in 1988, is the key 
enzyme in the synthesis of prostaglandins (PGs) from arachidonic acid. In 1991, 
several laboratories identified a product from a second gene with COX activity 
and called it COX-2. However, COX-2 was inducible, and the inducing stimuli 
included pro-inflammatory cytokines and growth factors, implying a role for 
COX-2 in both inflammation and control of cell growth. The two isoforms of 
COX are almost identical in structure but have important differences in substrate 
and inhibitor selectivity and in their intracellular locations. Protective PGs, which 
preserve the integrity of the stomach lining and maintain normal renal function in 
a compromised kidney, are synthesized by COX-1. In addition to the induction 
of COX-2 in inflammatory lesions, it is present constitutively in the brain and 
spinal cord, where it may be involved in nerve transmission, particularly that for 
pain and fever. PGs made by COX-2 are also important in ovulation and in the 
birth process. The discovery of COX-2 has made possible the design of drugs 
that reduce inflammation without removing the protective PGs in the stomach 
and kidney made by COX-1. These highly selective COX-2 inhibitors may not 
only be anti-intl ammatory but may also b e active in colon cancer and Alzheimer's 
disease. 



INTRODUCTION 

Cyclooxygenase (COX) or prostaglandin H 2 synthase (PGHS) is the enzyme 
that catalyzes the first two steps in the biosynthesis of the prostaglandins (PGs) 

'Present address: Department of Applied Pharmacology, National Heart and Lung Institute, 
Dovehouse Street, London SW3 6LX, United Kingdom. 
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from the substrate arachidonic acid (AA), These are the oxidation of AA to the 
hydroperoxy endoperoxide PGG 2 and its subsequent reduction to the hydroxy 
endoperoxide PGH 2 . The PGH 2 is transformed by a range of enzymes and 
nonenzymic mechanisms into the primary prostanoids, PGE 2 , PGF 2a , PGD 2 , 
PGI 2 , andTXA 2 (Figure 1). 

COX activity has long been studied in preparations from sheep seminal vesi- 
cles, and this enzyme was cloned by three separate groups in 1988 (1-3). The 
discovery of a second form of COX in the early 1 990s was the most important 
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event in prostanoid biology in almost 20 years. Induction of this isoform, 
COX-2, by several stimuli associated with cell activation and inflammation 
assured the relevance of this finding to inflammatory disease in general. A clear 
sign of the therapeutic value of this discovery is that in the relatively short 
time of about five years, several highly effective anti-inflammatory agents and 
new therapeutic areas have become subjects for investigation. This review con- 
centrates on those aspects in COX and PG research that have proved to be 
most relevant to the development of new anti-inflammatory drugs. The reader 
is referred for further reading to some recent reviews (4-7). 

BIOCHEMISTRY AND CRYSTAL STRUCTURE 
OF COX- 1 AND COX-2 

Biochemical Comparisons 

The inducible enzyme COX-2 is very similar in structure and catalytic activity 
to the constitutive COX-1. The biosynthetic activity of both isoforms can be 
inhibited by aspirin and other nonsteroid anti-inflammatory drugs (NSAIDs) 
(8). The inhibition by aspirin is due to the irreversible acetylation of the COX 
site of PGHS, leaving the peroxidase activity of the enzyme unaffected. In 
contrast to this irreversible action of aspirin, other NSAIDs such as ibupro- 
fen or indornethacin produce reversible or irreversible inhibition by competing 
with the substrate A A for the active site of the enzyme. Both isoforms have a 
molecular weight of 71 K and are almost identical in length, with just over 600 
amino acids, of which 63% are in an identical sequence. However, the human 
COX-2 gene at 8.3 kb is a small immediate early gene, whereas human COX-1 
originates from a much larger 22-kb gene. The gene products also differ, with 
the mRNA for the inducible enzyme being approximately 4.5 kb and that of the 
constitutive enzyme being 2.8 kb (4,5). The three-dimensional X-ray crystal 
structure of human or murine COX-2 (9, 10) can be superimposed on that of 
COX-1 (11); the residues that form the substrate binding channel, the catalytic 
sites, and the residues immediately adjacent are all identical except for two 
small variations. In these two positions, the same substitutions occur: He in 
COX-1 is exchanged for Val in COX-2 at positions 434 and 523 (the residues in 
COX-2 are given the same number as their equivalent amino acids in COX-1). 

In spite of this structural identity, there are clear biochemical differences 
between the isoforms in substrate and inhibitor selectivity. For example, COX-2 
will accept a wider range of fatty acids as substrates than will COX- 1 (4). Thus, 
although both enzymes can utilize AA and dihomo-y-linolenate equally well, 
COX-2 oxygenates other fatty acid substrates, such as eicosapentaenoic acid, 
y-linolenic acid, a-linolenic acid, and linoleic acid more efficiently than does 
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COX-1. Also, COX-2 acetylatedby aspirin on Ser 530 will still oxidize AA but 
to 15-HETE, whereas similarly acetylated COX-1 will not oxidize AA at all 
(12-14). In addition (see below), inhibitors will differentiate between COX-2 
and COX-1 with over 1000-fold selectivity (6, 15). 

Structural Comparisons 

The biochemical differences between the two isoforms of the enzyme have been 
attributed to the changes resulting from the Ile/Val substitutions mentioned 
above. Supporting evidence is strongest from the work on COX-2-selective 
inhibitors; mutation of lie 523 to Val in the COX-1 protein allows COX-2- 
selective inhibitors to bind and inhibit PGH 2 formation without altering the K m 
for AA (16), and the reverse mutant of COX-2 in which Val 523 is exchanged 
for lie shows inhibitor binding and selectivity profiles comparable to those of 
wild-type COX-1 (17, 18), The structural basis for this has been shown clearly 
in the crystal analyses of COX-2, which have used either the human (9) or the 
murine protein ( 1 0), each bound to a nonselective COX- 1 or a selective COX-2 
inhibitor. The smaller size of Val 523 allows the inhibitor access to a side pocket 
off the main substrate channel in COX-2 — access that is denied sterically by 
the longer side chain of He in COX-1. Selective inhibitors of COX-2 do not 
bind to Arg 120, which is used by the carboxylic acid of the substrate AA and 
by the COX-1 -selective or -nonselective NSAIDs, all of which are carboxylic 
acids (19, 20). 

Kurumbail et al (10) have suggested that the other Val substitution in COX-2, 
at residue 434, also contributes to the opening of the side pocket. However, 
it is more likely that this variation controls the substrate selectivity of COX-2. 
This residue is closer to the acetylatable Ser 530, and the smaller bulk of 
Val could provide additional space in this region of the substrate channel to 
allow a greater range of substrates in native COX-2 and, in acetylated COX-2, 
to allow AA to "squeeze" past the acetylated Ser 530 into the catalytic site. 
Support for this suggestion can be deduced from the results obtained with the 
recently described double mutant of COX-1 with Ile523Val and His513Arg, 
which exhibited increased binding of selective COX-2 inhibitors and decreased 
binding of COX-1 inhibitors, as predicted, but did not show increased 15-HETE 
production after acetylation with aspirin (16). 

Another striking structural difference between the isoforms, but of unknown 
significance, is the absence of a sequence of 1 7 amino acids from the N terminus 
and the insertion of a sequence of 18 amino acids at the C terminus of COX-2 in 
comparison to COX-1 (4, 5), This accounts for the different numbering for the 
analogous residues in the two isoforms (e.g. the acetylatable serine is Ser 530 
in COX-1 but Ser 516 in COX-2). The C-terminal insert in COX-2 does not 
alter the last four amino acid residues, which in both proteins form the signal 
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for attachment to the membrane of the endoplasmic reticulum (ER) (21, 22), 
However, COX-2 is located on the nuclear membrane as well as on the ER 
(23-25), while COX-1 is found attached only to the membranes of the ER. The 
reason for this selective localization may lie in the different sequence of the C 
terminus. It is relevant that in the X-ray structural analysis of either isoform, the 
three-dimensional structures of the last 18 C-terminal residues in COX-1 and 
the last 30 residues in COX-2 were not resolved, implying a marked flexibility 
in this region of the proteins even in the crystalline form (10, 1 1). 

Although emphasis has been placed here on the differences b etween isoforms, 
the extensive overall structural and biochemical similarity between COX-1 and 
COX-2 must be reiterated. Both use the same endogenous substrate, AA 5 and 
form the same product by the same catalytic mechanism. Their major difference 
lies in their pathophysiological functions. 

PHYSIOLOGICAL AND PATHOLOGICAL 
FUNCTIONS OF COX-1 AND COX-2 

Chronic inflammation is an excellent example of a disease that represents a 
malfunction of normal host defense systems. Thus, rather than classifying 
PG biosynthesis into physiological and pathological, it may be better to use 
the classification applied to the COX isoforms: either constitutive or induced. 
COX-1 activity is constitutive, present in nearly all cell types at a constant level; 
COX-2 activity is normally absent from cells, and when induced, the protein 
levels increase and decrease in a matter of hours after a single stimulus (4, 5), 
The main reason for labeling COX-1 and COX-2 as physiological and patho- 
logical, respectively, is that most of the stimuli known to induce COX-2 are 
those associated with inflammation, for example, bacterial Iipopolysaccharide 
(LPS) and cytokines such as interleukin (1L)-1, 1L-2, and tumor necrosis fac- 
tor (TNF)-a. The anti- inflammatory cytokines, IL-4, IL-10, and IL-13, will 
decrease induction of COX-2, as will the corticosteroids (4, 6, 26). The physi- 
ological roles of COX-1 have been deduced from the deleterious side effects of 
NSAIDs, which while inhibiting PG biosynthesis at inflammatory sites, also in- 
hibit constitutive biosynthesis. Thus, COX-1 provides PGs in the stomach and 
intestine to maintain the integrity of the mucosal epithelium and its inhibition 
leads to gastric damage, hemorrhage, and ulceration. 

The Stomach 

In most species, including humans, cytoprotective PGs in the stomach are syn- 
thesized by COX-1, although small quantities of COX-2 are also expressed 
constitutively (27). It has always been assumed that the cytoprotective role of 
PGs (e.g. prostacyclin; PGI 2 ) in the stomach is largely due to their vasodilating 



102 



VANE, BAKHLE & BOTTING 



properties, enhancing mucosal blood flow. Thus, PGs produced by COX-1 
confer protection on the epithelial cells of the crypts of Lieberkiihn in the ileum 
of irradiated mice, Radiation injury results in a decrease in the number of 
surviving crypt stem cells. These numbers were further reduced by the admin- 
istration of indomethacin to the irradiated mice but not of a selective COX-2 
inhibitor Since the presence of COX-1 was demonstrated in the epithelial cells 
of the crypts of nonirradiated mice and in the regenerating crypt epithelium 
of irradiated animals, PGs produced by COX-1 are the most likely to promote 
crypt stem cell survival and proliferation (28). The increased mucosal damage 
caused by indomethacin is also likely to be due to inhibition of COX-1. Inter- 
estingly, COX-2 mRNA levels were raised in human gastric adenocarcinoma 
tissues compared with those in normal specimens of gastric mucosal tissue. 
COX-1 mRNA levels were not elevated in the carcinoma (29). 

The Kidney 

PGs do not maintain normal renal blood flow, but PG production becomes 
important in maintaining blood flow of the compromised kidney (30). Main- 
tenance of normal kidney function is dependent on PGs both in animal models 
of disease states and in patients with congestive heart failure, liver cirrhosis, or 
renal insufficiency. Patients are therefore at risk of renal ischemia when PG syn- 
thesis is reduced by chronically administered NSAIDs. Those kidney cells that 
synthesize PGs contain mostly COX-1, but low levels of COX-2 mRNA have 
also been detected (31). Cultured rat mesangial cells increase their production 
of PGI 2 and PGE 2 after induction of COX-2 with cytokines or growth factors 
(32). The PGI 2 formed by mesangial cells may directly stimulate renin secre- 
tion as a feedback control for inhibition of salt reabsorption. Up-regulation 
of COX-2 expression has been observed in the macula densa, following salt 
deprivation (31). 

The Platelet 

In the platelet, the only isoform detectable is COX-1, and loss of AA-induced 
platelet aggregation is not only a well-established side effect of NSAID treat- 
ment, but also the therapeutic aim of the "half an aspirin a day" prophylaxis 
against thromboembolic disease (33). This prophylaxis is achieved through 
inhibition of COX-1, which leads to decreased production of thromboxane A 2 
(TXA 2 ). Prostacyclin production in endothelial cells is also decreased, but 
the COX-1 there regenerates so that PGI 2 synthesis is reestablished. However, 
platelets do not form new enzyme, and TXA 2 synthesis is irreversibly inhibited 
for their lifetime of 8-10 days in the circulation. In addition, aspirin acety- 
Iates COX-1 of the platelets in the presystemic circulation before it reaches the 
general circulation. As it passes through the liver, up to 50% of the aspirin is 
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deacetylated and it becomes diluted further when joining the rest of the venous 
blood. In humans, aspirin blocks COX activity in platelets within an hour of 
oral administration (8). This results in inhibition of platelet function for several 
days after a single dose of aspirin. Dose regimens from 25 to 325 mg a day have 
been suggested, but a concensus of opinion now recommends 75 mg a day (34). 

Gestation and Parturition 

PGs are important for inducing uterine contractions during labor NSAIDs such 
as indomethacin will thus delay premature labor by inhibiting this production 
of PGs (35). Expression of COX-1 is much greater than that of COX-2 in 
fetal hearts, kidneys, lungs, and brains, as well as in the decidual lining of 
the uterus (35,36). Constitutive COX-1 in the amnion could also contribute 
PGs for the maintenance of a healthy pregnancy (37). In human amnion cells, 
human chorionic gonadotropin stimulates the expression of the COX-1 gene 
and increases mRNA and COX-1 protein levels (38). 

Both COX-1 and COX-2 are expressed in the uterine epithelium at different 
times in early pregnancy and may be important for implantation of the ovum and 
in the angiogenesis needed for establishment of the placenta (39). PGs origi- 
nating from COX-2 may play a role in the birth process, since COX-2 mRNA in 
the amnion and placenta increases substantially immediately before and after 
the start of labor (36). Glucocorticoids, EGF, IL-ljS, and IL-4 all stimulate 
COX-2 production in human amnion cells (40,41), and glucocorticoids can 
cause premature labor in pregnant sheep, possibly by inducing progesterone- 
metabolizing enzymes that reduce progesterone levels below those needed to 
maintain pregnancy (42). Preterm labor could be caused by an intrauterine in- 
fection resulting in release of endogenous factors that increase PG production 
by up-regulating COX-2 (41). Selective inhibitors of COX-2 reduce PG syn- 
thesis in isolated fetal membranes and should be useful in delaying premature 
labor without the side effects of indomethacin (35). 

Gene Deletion Studies 

In contrast to the analysis based essentially on the effects of inhibition of COX- 1 
with NSAIDs in adults are the results from molecular biology's equivalent of 
ablation, the gene knockout. Mice with the COX-1 gene disrupted lack mRNA, 
protein, and enzyme activity of COX-1 (43). Their platelets are unresponsive 
to AA, but they exhibit no gastric or intestinal ulcers nor any renal dysfunction. 
The absence of spontaneous gastric bleeding or erosions in these knockout 
mice leads to the conclusion that other cytoprotective mechanisms, such as 
the synthesis of nitric oxide or calcitonin gene-related peptide (CGRP), take 
over in the absence of the PGs. The lack of renal pathology confirms previous 
findings that NSAIDs only cause dysfunction in already compromised kidneys. 
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However, PGs synthesized by COX-1 are apparently essential for the survival of 
fetuses, since the majority of offspring born to homozygous COX-1 knockout 
mice did not survive (43). 

The COX-2 knockout strain of mouse yielded similarly unexpected results 
(44,45), These knockout mice showed unchanged responses to acute experi- 
mental inflammation induced by AA or phorbol ester. The female mice were 
infertile, for they did not ovulate. Furthermore the COX-2 knockout mice had 
serious renal developmental deficiencies postpartum and a consequently short 
life span. These results would imply a constitutive role for COX-2 in ovulation, 
of which there is already some indication (46), but would appear to deny the 
relevance of COX-2 to inflammation, in contrast to the ample evidence of the 
presence of COX-2 protein and the effects of COX-2 inhibition on inflammatory 
events. However, in the tests reported, responses of the ears of the mice to AA 
or phorbol ester were measured between one and four hours later and could well 
have been due to PGs formed by COX-1, These studies also raise the possibil- 
ity of the teratological potential of COX-2 inhibition. The questions raised by 
the discrepancies between the results from knockout mice and the predictions 
from the behavior of normal mice need to be resolved (6,47,48), but they do 
suggest a general caution in the interpretation of results from knockout models 
as indications of the physiological roles of mediators in adult animals. 

COX-1 AND COX-2 IN THE CNS 

COX-1 is distributed in neurones throughout the brain, but it is most prevalent 
in forebrain, where PGs may be involved in complex integrative functions, 
such as modulation of the autonomic nervous system and sensory processing 
(49, 50). COX-2 is expressed constitutively in only a few organs and one of 
those is the brain. This expression is restricted to certain parts of the CNS, 
notably the cortex, hippocampus, hypothalamus, and spinal cord (50,51). It 
is the predominant isoform in the brains of neonate pigs (52) and in the spinal 
cord of the rat (53), while human brain tissues contain equal amounts of mRNA 
for COX-1 and COX-2 (54). 

Nerve Transmission 

The most interesting feature of COX-2 in the CNS is that the enzyme is up- 
regulated by normal or by abnormal (convulsive) nerve activity (49). Further- 
more, COX-2 protein or mRNA was detected in neurones as well as in the 
nonneuronal cells of the CNS (49-5 1). These findings suggest a role for PGs in 
CNS transmission and raise the possibility that selective COX-2 inhibitors may 
modulate CNS function. This would be especially relevant for those COX-2 
inhibitors that lack an acidic group and may, therefore, pass the blood brain 
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barrier. The major PGs in the CNS of most mammalian species — including 
humans, monkeys, and rats — are PGE 2 and PGD 2 . In neonatal rats, PGD 2 syn- 
thase was found in the neurons of the brain, but in adult animals, the neuronal 
enzyme had disappeared, and PGD 2 synthase was now located in the nonneu- 
ronal cells lining the CNS (meninges and choroid plexus) and also within the 
cerebral spinal fluid (CSF), as postnatal development progresses (55). Thus 
in the adult rat, the neurones express COX-2 and synthesize PGH 2s but the 
subsequent metabolism to PGD 2 must take place in the nonneuronal cells or in 
the extracellular space. The unusual formation of this important sleep-inducing 
PG needs more evaluation before its functional importance can be assessed. 

Fever 

It has been postulated that PGE 2 produced in the organum vasculosum laminae 
terminalis (OVLT) generates neuronal signals that activate the thermoregulatory 
center in the preoptic area of the anterior hypothalamus, which is situated 
close to the OVLT (56). PGE 2 synthesis is stimulated by cytokines such as 
IL-1 , which are released by the actions of pyrogens such as LPS. Although the 
expression of COX-2 in the CNS is increased after LPS ? the induction is not in 
neurones but in the endothelium of cranial blood vessels and in the microglia 
(57, 58). Furthermore, COX-2 in rat telencephalic neurones is induced by LPS 
but inhibited by urethane anesthesia without modifying the febrile response to 
LPS (59). Thus, it is clear that PGE 2 involved in the febrile response derives 
from COX-2 induced in nonneuronal cells, probably endothelial cells of the 
blood vessels perfusing the hypothalamus. 

Hyperalgesia 

Another apparently central effect of PGs, considered to be mediated peripher- 
ally, is pain or, more accurately, hyperalgesia. Although the thalamus and other 
higher nuclei of the CNS associated with pain pathways are not rich in consti- 
tutive or induced COX-2, the spinal cord may be where the nociceptive process 
is most influenced by COX-2. For some time, it has been known that during 
inflammatory pain, PGs are generated at the peripheral terminals of sensory 
neurones and cause hyperalgesia (60, 61). This is accompanied by production 
of pro-inflammatory cytokines (IL-1, IL-8, and TNF-a) and most probably 
by induction of COX-2 in inflammatory cells, if not in the nerve terminals 
themselves (61-63), Intrathecal administration of PGE 2 into conscious rats or 
mice induced hyperalgesia (64,65). Moreover, ibuprofen, aspirin, ketorolac, 
indomethacin, or NS398 were potent analgesics in the formalin test when given 
intrathecally to rats (66, 67), suggesting an additional role for PGs in nocicep- 
tive processing in the spinal cord in this model of analgesia. More directly, 
an increase in mRNA (68) or immunoreactive staining (53) for COX-2, but 



106 VANE, BAKHLE & BOTTING 



not for COX-1 , in rat spinal cord resulted from inflammatory injury to the paw. 
However the rise in COX-2 mRNA was transient, lasting about 6-12 h, whereas 
inflammation and hyperalgesia persisted for several days (68), The effect of 
a noninflammatory stimulus — repetitive, low-frequency electrical stimulation 
of the sural nerve — which normally leads to a potentiation of the withdrawal 
reflex, was also susceptible to inhibition by indomethacin and SC58125, a se- 
lective COX-2 inhibitor, implying a mediation of PGs generated by COX-2 in 
another spinal response to a nociceptive stimulus (69). In a preliminary report, 
COX-2 was found to be localized to discrete laminae of rat spinal cord, in 
neuronal and nonneuronal tissue (53). It will be important to establish whether 
COX-2 in the spinal cord is in neurones or in nonneuronal cells and also which 
compartment shows induction in hyperalgesic conditions. 

COX-2 IN THE NUCLEUS 

Another possible function of COX-2, but not of COX-1, stems from its perinu- 
clear location (22-25). The traditional view of the PGs is as extracellular and 
intercellular messengers acting on (the G-protein-linked, seven transmembrane 
type) cell membrane receptors and implying an export of PGs from the cell for 
their function to be realized. Indications for an intracellular function of PGs, 
which for many years were considered indirect (70), have been strengthened 
by the demonstration that PGJ 2 derivatives are potent ligands for the nuclear 
peroxisome proliferator-activated receptor-}' (PPAR-y) (71,72). This recep- 
tor is in the retinoid X receptor (RXR) heterodimer nuclear receptor family, a 
diverse group including the retinoid and thyroid nuclear receptors, all acting as 
transcription factors for genomic DNA (73). An action on a nuclear receptor 
might account for the cytostatic effects of PGJ 2 in transformed cell lines (74) 
and, in another context, form the link between COX-2 activity and the progres- 
sion of precancerous epithelial cells to fully malignant phenotypes (see below) 
(75). 

Another intriguing finding was the increase in Bcl-2 protein following COX-2 
transfection and action in epithelial cells (76). The amount of this protein was 
decreased by treatment with a NSAID (sulindac), which also increased the 
apoptotic rate in the cell cultures. Although the link between PG production 
and Bcl-2 synthesis has not been elucidated, it is clear that in these cells, 
PGs synthesized by COX-2 influence another nuclear event, apopotosis. The 
pleiotropic character of the PGs and thus of COX was illustrated by the con- 
trasting results in chick embryo fibroblasts where NSAlDs, in admittedly high 
concentrations, induced COX-2 protein and apoptosis (77). Whatever the final 
resolution of these paradoxes, the effects of PGs on cell growth and death have 
a topological justification in the perinuclear locus of COX-2. 
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COX-2 AND INFLAMMATION 

The discovery and characterization of COX-2 have answered some long-stand- 
ing puzzles and created new and fascinating problems in biology. They have also 
solved one problem in therapeutics — how to suppress inflammation without the 
side effects of the present range ofNSAIDs. These side effects — gastrointestinal 
ulceration and bleeding, renal damage, and platelet dysfunction — were ac- 
cepted as inevitable consequences of the inhibition of COX activity required 
to prevent synthesis of PGs in inflammatory conditions such as rheumatoid or 
osteo-arthritis. Now with COX-2 clearly associated with inflammation but not 
with the physiological synthesis of PGs, selective inhibitors of COX-2 offered 
the possibility of inhibition of inflammatory PGs without affecting PGs gener- 
ated by COX- 1 in the stomach, kidney or platelet: "an aspirin without ulcers." 
This possibility has generated a great deal of effort and a considerable degree 
of success in pharmaceutical research. 

Selective Inhibition of COX-2 

The design of selective inhibitors would logically follow from the extensive 
structural analysis of the two isoforms of COX. However, the first generation of 
selective COX-2 inhibitors came from animal models in which compounds were 
sought that were potent anti-inflammatory agents with minimal side effects on 
the stomach. Nimesulide, etodolac, and meloxicam were discovered in this way, 
and they have all reached the market. Now, we know that they are selective 
for COX-2 rather than COX-1 (Table 1). Interestingly, the highly selective 
COX-2 inhibitors now in Phase III clinical trials were developed from the 
molecular variations of nimesulide, which has been marketed for 20 years (78). 
Nimesulide had been regarded as an aberrant example of an NSA1D with good 
in vivo potency in inflammatory models but weak inhibition in vitro of the COX 
preparation available at the time. This preparation was derived from seminal 
vesicles and was almost certainly pure COX-1 . Later evaluation of nimesulide, 
etodolac, and meloxicam (Figure 2) against COX-1 and COX-2 preparations 
confirmed their selectivity for COX-2 in contrast to the nonselective or COX-1- 
selective NSAIDs such as diclofenac, indomethacin, piroxicam, or naproxen. 
The selectivity ratios of inhibition for these COX-2 inhibitors were highly 
variable (Table 2), largely as a result of the variety of experimental conditions 
used in the assays (6), but always ranged from 10- to 100-fold selectivity for 
COX-2. Large-scale clinical trial results of one of this group (meloxicam) 
clearly show that severe gastric damage is significantly less than that caused by 
diclofenac or piroxicam, reinforcing the whole concept (79). 

The newer compounds specifically designed by medicinal chemists as COX-2 
inhibitors, such as SC58125 and L-745,337 (Figure 2), are more selective, 




Figure 2 Chemical structures of some selective COX-2 inhibitors, (a) Etodolac; (b) Metoxicam; 
(c)Nimesulide; (rf)NS398; (e) L-745,337; (f) DFU; (g) SC5S125; (h) Celecoxib; (i) RS57067000. 
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Table 1 Comparison of nonsteroid anti-inflammatory drugs for their selectivity towards COX-1 
or COX-2 

IC 5() COX-1 IC 50 COX-2 Ratio ICao 



Drug 






COX-2/COX-1 


System 


Nonselective for COX-2 










Piroxicam 


0.0005 


0.3 


600 


Cultured animal cells (110) 


Aspirin 


1.67 


278 


166 


Cultured animal cells (110) 


Indomethacin 


0,028 


1.68 


60 


Cultured animal cells (110) 


Diclofenac 


1,57 


U 


0,7 


Cultured animal cells (110) 


6-MNA a 


278 


187 


0.67 


Human whole blood (111) 


Selective for COX-2 










Etodolac 


34 


3.4 


0.1 


Human whole blood (111) 


Meloxicam 


4.8 


0.43 


0.09 


Human whole blood (1 1 1) 


Nimesulide 


9.2 


0.52 


0.06 


Human whole blood (1 1 1) 


SC58125 


38,7 


0,27 


0.007 


Human whole blood (1 1 1) 


NS398 


16.8 


0.10 


0.006 


Human whole blood (111) 


L-745, 337 


369 


1.5 


0.004 


Human whole blood (1 1 1) 


Celecoxib 


15 


0.04 


0.003 


Human enzymes (80) 


DFU 


>50 


0.04 


< 0.001 


Human enzymes (81) 



a 6-MNA, 6-methoxy-2-naphthyI acetic acid, the active metabolite of nabumetone, 

with several 100-fold selectivity for COX-2 (Table 1), The constant molecular 
motifs in this range of compounds are the absence of a carboxylic group and the 
presence of a sulphonamide or sulphone moiety (Figure 2). Extensive structure- 
activity analyses of selective COX-2 inhibitors have been undertaken by the 
pharmaceutical industry, and some of these have already been reviewed (15). 

Table 2 Inhibition of COX-1 and COX-2 by NSAIDs in different systems 



System 




COX-2/COX-1 Ratio 




Indomethacin 


Nimesulide 


Etodolac 


Meloxicam 


Cultured 


22(112) 


0.05 (122) 




0.33 (113) 


animal cells 


60(110) 


0.1 (123) 




0.8(110) 




30(113) 










6(114) 








Human recombinant 










enzymes 


1.3 (115) 


0.2 (118) 


-0.001 (81) 


0.003 (81) 




>75 (116) 


0.02(124) 


0.09(127) 


0.01 (118) 




2.3 (14) 


0.16(125) 


0.8(116) 






9(117) 


0.01 (81) 








3.5 (118) 


0.02 (120) 






Human whole 










blood cells 


0.51 (119) 


0.19(120) 


0.1 (127) 


0.09(111) 




12.5 (120) 


0.06(111) 








2.9(121) 


0.07(126) 
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However, now that the binding sites for the selective inhibitors in COX-2 
have been described in detail and the three-dimensional structure of the enzyme 
protein clearly established, modem molecular modeling techniques should be 
able to design de novo compounds binding with high affinity but without the 
sulphonamide or sulphone group. The compound RS57067000 (Figure 2) may 
be the first of this class of selective COX-2 inhibitor (9). 

Anti-Inflammatory Drugs in Clinical Development 
Both celecoxib (80) and MK-966, derived from S^-dimethyl-S-tS-fluorophe- 
nyl)-4-(4-methylsulphonyl)phenyl-2(5H-furanone) (DFU) (see Figure 2) (81) 
are in Phase III clinical trials for rheumatoid and osteo-arthritis. So far, both 
compounds are reported to be effective against inflammation and to cause no 
gastrointestinal or renal problems. For instance, in healthy volunteers, MK-966 
administered daily at 250 mg for 7 days (which is 1 0 times the anti-inflammatory 
dose) produced no evidence of gastric damage, as determined by endoscopic 
examination (82). Celecoxib given for 7 days to volunteers also provided no 
evidence of gastric damage (83). At 1 g orally, MK-966 had no influence on 
ex vivo platelet aggregation. Both celecoxib and MK-966 were effective anal- 
gesics in humans for moderate to severe pain following dental surgery (84, 85). 
In animal studies, selective COX-2 inhibitors showed good antipyretic activity 
within the anti-inflammatory dose range (81,86). These selective inhibitors 
and others still under development are also likely to be tested clinically in two 
other conditions: colon cancer and Alzheimer's disease. 

It is clear that much of the pharmacological profile predicted for the highly 
selective COX-2 inhibitors has been realized, with little or none of the side 
effects associated with inhibition of COX-L However, these compounds have 
been used in a relatively small number of carefully selected patients with high 
levels of monitoring, as is inevitable in the early stages in their development. 
The selective inhibitors are aimed at a mass market — approximately 15 x 10 12 
tablets of aspirin are consumed annually worldwide — and side effects or tox- 
icities of these new compounds will take time and much patient exposure to 
emerge. 

Nevertheless two possible side effects have already been identified, each with 
serious implications. One concerns wound healing, expressed primarily as the 
healing of gastrointestinal lesions induced by NSAIDs or other causes. The 
relevance of COX-2 to wound healing and the associated angiogenesis could 
reflect the activation of inflammatory cells such as macrophages and the secre- 
tion of growth factors such as TGF-^, both conditions known to favor COX-2 
induction (6, 87), In rats, COX-2 mRNA and enzyme protein were present in 
gastric lesions induced by alcohol or acetic acid. Treatment with NS-398, a 
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selective COX-2 inhibitor, during the acute stage of the damage-delayed heal- 
ing, although the same treatment in normal rats did not by itself induce ulcers 
(88). The use of NSAIDs in postoperative analgesia is growing and this would 
be an obvious extension of use for COX-2 inhibitors (84, 85). Any indication 
that surgical wound healing might be hindered by the postoperative analgesic 
would be a serious disincentive to its use. 

The other possible side effect is based on the results from the COX-2 knockout 
E? mice (44, 45), Particularly, no assessments in animals or in humans of possible 

£ effects of COX-2 inhibitors on fetal development or on female fertility have 

> yet been published. Although it could be argued that most female patients with 

-| £ rheumatoid arthritis are p ostmenopausal and thus at no real risk, some evaluation 

| JJ of potential risk in other possible uses such as postoperative analgesia must be 

p Jj made, Such questions become even more important if the COX-2 inhibitors 

I | are to be used prophylactically in the two other conditions, colon cancer and 

| § Alzheimer's disease, discussed below. 

|£ 
Is 

| § FUTURE THERAPEUTIC APPLICATIONS 

Q 3 FOR COX-2 INHIBITORS 

Cancer 

£ ;S Colorectal cancer is a maj or form of cancer in the Western world; for instance, in 

8? ^ the United States it is the next most important cause of cancer deaths after lung 

Z *■§ cancer. It has been estimated that 50% of those over 70 years old have colorectal 

.§ J adenomata and about 1 0% of those will progress to cancer (89). The initial 

(2 1 evidence for the involvement of COX in colorectal cancer was epidemiological; 

% > from more than 1 0 studies since 1 988, a negative correlation emerged between 

g£ the chronic ingestion of NSAIDs and incidence of colorectal cancer (90—92). 

g ^ In young patients with familial adenomatous polyposis (FAP), a condition in 

£ "° which many colorectal polyps develop spontaneously with eventual progression 

^ to tumors, a small trial of sulindac (a nonselective NSAID) showed a significant 

c decrease in number and size of polyps during treatment (93). These indications 

that COX activity was somehow involved in the progress leading to colorectal 
cancer were given a crucial scientific basis by the demonstration that COX-2 and 
not COX-1 was increased in samples of either malignant tissue from colorectal 
cancer or from polyp tissue from patients (94). A mutant Ape mouse is accepted 
as a model of FAP in humans in which comparable intestinal polyposis develops 
spontaneously. The number of polyps in these mice was strongly reduced either 
by treatment with a selective COX-2 inhibitor or by the deletion of the COX-2 
gene (95). 
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In cultures of rat epithelial cells, transfection with COX-2 cDNA and the 
consequently increased PG synthesis decreased the apoptotic rate. This rate was 
restored to normal by inhibition of PG production by sulindac (76). Essentially 
similar results were obtained in vivo with chemically induced colon cancers in 
rats (96). A diet containing sulindac halved the incidence of adenomacarcinoma 
and doubled the apoptotic index in the tumor tissue. In an extension of the earlier 
work in FAP, sulindac caused regression of sporadic adenomatous polyps in 1 1 
out of 15 patients and in 13 out of 20 polyps (97). This is an encouraging 
result, as most colorectal cancers are sporadic rather that hereditary in origin, 
but further and larger studies are clearly needed to establish a clinical case for 
therapy of colorectal adenomatous polyps with COX-2 inhibitors. 

The progress from the deletion or mutation of the Ape gene, the initial step 
in the development of colorectal cancer, to the final malignant phenotype com- 
prises at least seven genetic events (89). Clearly, the induction, expression, and 
activity of COX-2 is an essential step subsequent to loss of the Ape protein (75), 
Loss of Ape protein should decrease apoptosis, as the PGs produced by COX-2 
appeared to do in cell lines and in vivo (76, 96), It may be that the survival 
of epithelial cells beyond normal lifetimes allows the malignant phenotype to 
develop. 

Whatever the final mechanism, the hitherto unlikely proposition that "aspirin 
prevents cancer" is now seen to have a foundation in experimental fact at least 
for one type of tumor. Furthermore, it raises the strong possibility that COX-2 
inhibitors could be used to decrease the incidence of colorectal cancer in ge- 
netically susceptible subjects, without causing gastrointestinal damage of their 
own. If this were successful, the prophylactic treatment could be extended to 
others on the basis of age alone, rather like the presently established aspirin pro- 
phylaxis against thromboembolic disease. This lateral development of COX-2 
has provided new hope for prevention and perhaps even treatment of colorectal 
cancer and a new therapeutic use for COX-2 inhibitors, which is being pursued 
actively by the pharmaceutical industry (98), 

Human gastric and breast tumors also express higher levels of COX-2 protein 
than surrounding normal tissues (29,99). Piroxicam suppressed the growth 
of human cultured breast cancer cells (100), while sulindac sulfide reduced 
cancer incidence and the number of cancers per rat in experimental mammary 
carcinoma induced with l-methyl-l-nitrosourea(lOl), Thus, gastric and breast 
tumors in humans may also be susceptible to treatment with selective COX-2 
inhibitors. 

Alzheimer 's Disease 

The correlations between COX, PGs, and Alzheimer's disease were, as for col- 
orectal cancer, initially epidemiological. Several case-control studies between 
1988 and 1995 disclosed a significantly reduced odds ratio to almost half of 
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the normal risk for Alzheimer's disease in those taking NSAIDs as anti-inflam- 
matory therapy (102-104). A report published in April 1997 confirmed the 
previous findings of an inverse correlation between the severity or incidence 
of Alzheimer's disease and the ingestion of NSAIDs, with ibuprofen as the 
most frequently used compound, probably reflecting its availability without 
prescription (105). In this study, paracetamol use was separated from that of 
the NSAIDs and was shown to be without benefit. 

In all these analyses, the mechanisms proposed are essentially anti-inflamma- 
tory and reflect the recognition of inflammatory events and components in 
the Alzheimer's disease lesions (102, 103, 106). At the site of the plaques, 
along with the ^-amyloid protein, there are activated microglia, complement 
fragments, release of cytokines, and other classical signs of inflammation. A 
crucial finding is that /?-amyloid is capable of activating microglia. Although 
the NSAID would not be expected to modify the abnormal metabolism of 
^-amyloid, they could reduce the response of microglia to the protein. The 
neuronal damage in Alzheimer's disease may be due more to the inflammatory 
reaction with the consequent free radical and protease release than to the pres- 
ence of amyloid per se, Thus, inhibition of inflammation may delay or even 
abort the loss of neurones consequent on amyloid deposition. 

Rat microglia stimulated with LPS express COX-2 (107), and human mi- 
croglia may respond similarly. With this additional source of COX-2, it was 
surprising that the total COX-2 content of brain tissue from Alzheimer's disease 
patients was in fact lower than normal (108). One explanation of this is that in 
these samples, necessarily from late-stage disease, the loss of neurones and their 
COX-2 outweighed the increased COX-2 in activated microglia. There may be 
a detectable increase in the total COX-2 content earlier in the disease process. 
The lack of a good animal model for Alzheimer's disease has undoubtedly 
delayed analysis of its causes. 

A major benefit of the new selective COX-2 inhibitors could be early treat- 
ment in asymptomatic, but genetically at risk, subjects, which could result in 
a delaying or even preventing the clinical disease. Such treatment with the 
existing NSAIDs with their propensity to cause gastric damage and platelet 
malfunction has already been shown to have low compliance (109) and would 
always be difficult to justify in the asymptomatic subjects targeted. Selective 
COX-2 inhibitors should, however, enable this prophylactic action of decreased 
PG synthesis to be fully realized with a minimum of side effects. 

CONCLUSIONS 

The years since the identification of COX-2 have been exciting and intriguing as 
well as frustrating and disappointing — in short, typical of scientific progress im- 
mediately after a breakthrough. The powerful techniques of molecular biology 
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have rapidly provided (a) detailed knowledge of the COX-1 and COX-2 pro- 
teins, from their linear sequence to their three-dimensional structure, and (b) an 
extensive description of the gene, its possible transcription factors, and its 
mRNA. The gene disruption techniques have yielded evidence for the unex- 
pected involvement of either isoform in physiological processes, as well as 
evidence conflicting with that from pharmacological observations of the effects 
of COX inhibition. 

Although the first generation of selective inhibitors (meloxicam, nimesulide, 
and etodolac) were discovered by animal screening, the next generation will 
surely owe more to techniques based on molecular modeling within the active 
site of the COX proteins. The therapeutic potential of COX-2 inhibition will 
ensure the continuing development of the basic biology of these proteins, of 
better inhibitors, and of more effective clinical applications. The beginning 
of the next millenium may indeed see that not only does aspirin cure cancer 
but that its siblings will prevent Alzheimer's disease and modify reproductive 
fertility with a minimum of side effects. Whatever the outcome, there are still 
many important and interesting questions to be asked and answers to be given 
about the two (and perhaps more) isoforms of COX. 
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Cardiovascular Drugs 



Aspirin 

Eric H. Awtry, MD; Joseph Loscalzo, MD, PhD 



Salicylates, in the form of willow bark, were used as an 
analgesic during the time of Hippocrates, and their 
antipyretic effects have been recognized for more than 200 
years. 1 Acetylsalicylic acid, or aspirin, was introduced in the 
late 1 890s 2 and has been used to treat a variety of inflamma- 
tory conditions; however, the antiplatelet activity of this agent 
was not recognized until almost 70 years later. 3 Recent 
advances in our understanding of the central role of platelets 
in the pathophysiology of cardiovascular disease have 
spurred in-depth investigations into the mechanisms of action 
of aspirin and the clinical utility of this agent in the treatment 
of common cardiovascular disorders. 

Mechanism of Action 

Aspirin exerts its effect primarily by interfering with the 
biosynthesis of cyclic prostanoids, ie, thromboxane A 2 
(TXA 2 ), prostacyclin, and other prostaglandins, These prosta- 
noids are generated by the enzymatically catalyzed oxidation 
of arachidonic acid, which is itself derived from membrane 
phospholipids 4 (Figure). Arachidonic acid is metabolized by 
the enzyme prostaglandin (PG) H-synthase, which, through 
its cyclooxygenase (COX) and peroxidase activities, results 
in the production of PGG 2 and PGH 2 , respectively. PGH 2 is 
then modified by specific synthases, thus producing prosta- 
glandins D 2 , E 2j F 2a , I 2 (prostacyclin), and TXA 2 , all of which 
mediate specific cellular functions. 

PGH-synthase, also referred to as COX 5 exists in 2 iso- 
forms that have significant homology of their amino acid 
sequences. 5 A single amino acid substitution in the catalytic 
site of the enzyme confers selectivity to inhibitors of the COX 
isoforms. 6 - 7 The first isoform (COX- 1) is constitutively ex- 
pressed in the endoplasmic reticulum of most cells (including 
platelets) 8 and results in the synthesis of homeostatic prosta- 
glandins responsible for normal cellular functions, including 
gastric mucosal protection, maintenance of renal blood flow, 
and regulation of platelet activation and aggregation. 4 The 
second isoform (COX-2) is not routinely present in most 
mammalian cells but, rather, is rapidly inducible by inflam- 
matory stimuli and growth factors and results in the produc- 
tion of prostaglandins that contribute to the inflammatory 
response. 9 ^ 10 

Aspirin imparts its primary antithrombotic effects through 
the inhibition of PGH-synthase/COX by the irreversible 
acetylation of a specific serine moiety (serine 530 of COX-1 



and serine 516 of COX-2) 11 - 32 and is « 170-fold more potent 
in inhibiting COX-1 than COX-2, 13 In the presence of aspirin, 
COX-1 is completely inactivated, whereas COX-2 converts 
arachidonic acid not to PGH 2 , but to 15-^-hydroxyeicosatet- 
raenoic acid (15-tf-HETE). 14 The end result is that neither 
affected isoform is capable of converting arachidonic acid to 
PGH 2) a necessary step in the production of prostanoids. The 
resultant decreased production of prostaglandins and TXA 2 
likely accounts for the therapeutic effects, as well as the 
toxicities, of aspirin. From a cardiovascular standpoint, it is 
principally the antithrombotic effect of aspirin that results in 
its clinical utility. Platelet production of TXA 2 in response to 
a variety of stimuli (including collagen, thrombin, and ADP) 
results in the amplification of the platelet aggregation re- 
sponse and in vasoconstriction. 15 - 16 Conversely, vascular 
endothelial cell production of prostacyclin results in inhibi- 
tion of platelet aggregation and induces vasodilation. Aspirin- 
induced inhibition of TXA 2 and PGI 2 has opposing effects on 
hemostasis; however, the available data suggest that the 
potentially prothrombotic effects of PGI 2 inhibition are not 
clinically relevant and that the antithrombotic effects of TXA 2 
inhibition predominate. 17 This may, in part, be a result of the 
ability of vascular endothelial cells to regenerate new COX 
and thus recover normal function, 1S whereas COX inhibition 
in platelets is irreversible owing to the limited mRNA pool 
and protein synthesis in these anuclear cells. 

Other mechanisms for platelet inhibition by aspirin have 
been proposed. For example, aspirin facilitates the inhibition 
of platelet activation by neutrophils, an effect that appears to 
be mediated by a nitric oxide (NO)/cGMP-dependent pro- 
cess, 19 and inhibition of prostacyclin synthesis in endothelial 
cells enhances NO production, 20 In addition to its antithrom- 
botic effects, other mechanisms may contribute to the clinical 
benefits of aspirin in the treatment of cardiovascular disor- 
ders. Aspirin may help to decrease the progression of athero- 
sclerosis by protecting LDL from oxidative modification 21 
and also improves endothelial dysfunction in atherosclerotic 
vessels 22 Several mechanisms have been proposed to explain 
these benefits, all of which center on the potential rote of 
aspirin as an antioxidant. Salicylate has been shown to be an 
inhibitor of the cytokine-dependent induction of NOS-II gene 
expression, 23 - 24 perhaps through a mechanism involving nu- 
clear factor-KB activation, an effect that would tend to 
decrease the nitrosative stress that accompanies cytokine 
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elaboration. Aspirin can also directly scavenge hydroxyl 
radicals to form the 2,3- and 2,5-dihydroxybenzoate deriva- 
tives, which themselves serve as markers of oxidative stress 25 
and quench oxy-radical flux, 26 and can acetylate the e-amino 
groups of lysine residues in proteins, 27 which prevents their 
oxidation. 28 This antioxidant effect on proteins may be 
important in limiting both lipoprotein oxidation and fibrino- 
gen oxidation; in the latter case, oxidation enhances Fibrin 
formation, 27 ' 29 and lysine acetylation enhances fibrinolysis. 30 
It is likely through this combination of effects that aspirin 
reduces the inflammatory response in patients with coronary 
artery disease, 31 

Pharmacology/Pharmacokinetics 

Aspirin is rapidly absorbed in the upper gastrointestinal (GI) 
tract and results in a measurable inhibition of platelet function 
within 60 minutes. 17 ' 32 This antiplatelet effect is associated 
with prolongation of the bleeding time and inhibition of 
TXA 2 -dependent platelet aggregation. 33 These effects occur 
even before acetylsalicylic acid is detectable in the peripheral 
blood, owing to the exposure of platelets to aspirin in the 
portal circulation, 34 Enteric coating of aspirin significantly 
delays its absorption 35 The plasma half-life of aspirin is only 
20 minutes; however, because platelets cannot generate new 
COX, the effects of aspirin last for the duration of the life of 
the platelet (^10 days). After a single dose of aspirin, platelet 
COX activity recovers by ^10% per day as a function of 
platelet turnover. 36 Although it may take 1 0 days for the total 
platelet population to be renewed, and thus restore normal 
COX activity, it has been shown that if as little as 20% of 
platelets have normal COX activity, hemostasis may be 
normal. 37 ' 38 

The dose of aspirin required to obtain adequate platelet 
inhibition has been studied extensively. A single dose of 1 00 
mg of aspirin effectively abolishes the production of TXA 2 in 
normal individuals, as well as in patients with atherosclerotic 
disease. 39 * 40 Single doses below 100 mg result in a dose- 
dependent effect on TXA 2 production; the effect of repeated 



daily doses is cumulative, although >24 hours may be 
required to achieve maximal COX inhibition. 38 - 39 - 41 Thera- 
peutic benefit in a variety of cardiovascular diseases has been 
demonstrated with doses of 30 to 1500 mg/d; higher doses do 
not appear to be more effective but may increase the risk of 
GI side effects. 17 * 42 Low-dose aspirin or controlled-release 
preparations may result in somewhat preferential inhibition of 
platelet COX over endothelial COX. 33 - 40 - 43 This differential 
effect has theoretical advantages in that intact endothelial 
PGI 2 production may enhance the antithrombotic effects of 
aspirin; however, the clinical importance of maintaining 
normal PGI 2 production remains undetermined. 

Aspirin in Coronary Artery Disease 
Acute Therapy 
Acute Myocardial Infarction 

The importance of platelets and thrombosis in the pathophys- 
iology of acute coronary syndromes is well established. 
Although early studies of the use of aspirin as an antithrom- 
botic agent in the acute treatment of myocardial infarction 
(MI) yielded conflicting results, the Second International 
Study of Infarct Survival (ISIS-2) 44 has since unequivocally 
established the benefit of aspirin in this setting. In this trial, 
17 187 patients presenting within 24 hours of the onset of a 
suspected acute MI (AMI) were randomized to receive 
intravenous streptokinase (L5 MU), 162,5 mg of aspirin daily 
for 30 days, both, or neither. At the end of 5 weeks, patients 
receiving aspirin therapy alone had a highly significant 23% 
reduction in vascular mortality and a nearly 50% reduction in 
the risk of nonfatal reinfarction and nonfatal stroke. This 
benefit occurred irrespective of whether heparin was given. 
These reductions translate into the avoidance of =^25 deaths 
and 10 to 15 nonfatal reinfarctions or strokes by treating 1000 
patients with aspirin for 1 month. Additionally, there was no 
increase in major bleeding complications (including no in- 
crease in cerebral hemorrhage or need for transfusion) with 
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TABLE 1. Benefit of Aspirin in Unstable Angina 



% Death or Nonfatal Ml % Mortality 





No. of 




Duration of 






% Reduction 






% Reduction 


Reference 


Patients 


Dose, mg 


Treatment 


Aspirin 


Control 


(P) 


Aspirin 


Control 


(P) 


VA Cooperative Study 53 


1266 


325 QD 


12 wk 


5,0 


10.1 


51 (0,0005} 


1.6 


3.3 


51 (0,054) 


Canadian Multicenter Trial 54 


555 


325 QID 


24 mo 


8,6 


17.0 


51 (0.008) 


3.0 


11.7 


71 (0.004) 


Theroux et al 55 


479 


325 BID 


6d 


3,3 


12.0 


72(0,01) 


0.0 


17 






796 


75 QD 


5d 


2,5 


5.8 


57 (0.033} 


0.25 


0.25 


0{NS) 








6 mo 


8,9 


19.0 


53 (<0,0001) 


2.0 


3.8 


47 (NS) 








12 mD 


11.0 


21.4 


49 (0.0001) 


2.8 


4.5 


38 (NS) 



'Included patients with unstable angina and non^Q-wave infarctions. Results were similar in both groups. 



aspirin therapy, and the mortality benefit was maintained 
after 10 years of follow-up. 45 

In the past decade, thrombolytic therapy has become the 
cornerstone of medical management of AMI. 46 ' 47 Aspirin, 
however, remains an important adjunctive therapy. In ISIS- 
l, 44 administration of streptokinase alone was associated with 
a 25% reduction in vascular deaths, and the effect of aspirin 
therapy was additive (42% reduction in vascular mortality 
with combined aspirin and streptokinase therapy). Addition- 
ally, an excess of nonfatal reinfarctions was seen in the first 
several days after treatment with streptokinase alone, likely as 
a result of plasmin-induced platelet activation; this increase 
was entirely prevented by the concomitant use of aspirin. 
Compared with aspirin as an adjunct to thrombolysis, heparin 
appears to be associated with a higher early patency rate of 
the infarct-related artery, although aspirin was associated 
with a trend toward a decreased 7-day reocclusion rate 48 The 
addition of heparin to aspirin does not clearly decrease 
mortality or reinfarction and is associated with an increase in 
bleeding complications. 49,50 A meta-analysis of 32 trials using 
aspirin as adjunctive therapy to thrombolysis demonstrated 
significantly decreased reocclusion rates (11% versus 25%) 
and recurrent ischemic events (25% versus 41%) with aspirin 
therapy. 51 

Unstable Angina and Acute 
Non-ST-Segment-Elevation Ml 

Several studies have clearly demonstrated a beneficial role 
for aspirin in the treatment of unstable angina (Table I).S2-S5 
Despite instituting aspirin therapy at various doses (75 to 
1300 mg/d) and differing intervals after a patient's initial 
presentation (<24 hours to <8 days), these trials have 
consistently demonstrated a significant decrease in the inci- 
dence of death or death and nonfatal MI. Additionally, in the 
Research Group on Instability in Coronary Artery Disease in 
Southeast Sweden (RISC) trial, 56 treatment with aspirin (75 
mg/d) decreased the progression to severe angina necessitat- 
ing cardiac catheterization by 40% at 3 months (10.8% versus 
18.1%) and 29% at 12 months (20.8% versus 29.2%). 
Low-dose aspirin (75 mg/d) has also been shown to decrease 
the risk of MI or death in patients with asymptomatic 
ischemia on treadmill testing after an episode of unstable 
angina or a non-Q-wave MI. 57 A review of *=4000 patients 
with unstable angina treated with aspirin or placebo demon- 
strated a 5% absolute risk reduction in nonfatal stroke or MI 



or vascular death (9% versus 14%) 42 ; this corresponds to 50 
vascular events avoided per 1000 patients treated with aspirin 
for 6 months. 

Aspirin has been compared with heparin as both alternative 
and adjunctive therapy in the setting of unstable angina. In the 
RISC trial, 56 treatment with heparin alone provided no 
significant benefit for the incidence of MI and death, although 
the significant delay in instituting heparin therapy likely 
contributed to this finding (average delay 33 hours). Aspirin 
therapy was significantly better than heparin; however, the 
combination of aspirin and heparin produced the greatest 
benefit. Other studies have demonstrated a greater benefit of 
heparin over aspirin therapy 55 - 58,59 and a potential increase in 
bleeding complications with combination therapy 55 In a 
recent meta-analysis, the addition of heparin to aspirin 
therapy in unstable angina and non-Q-wave MI resulted in a 
nonsignificant 33% decrease in the risk of MI or death 
compared with aspirin alone; this benefit occurred without an 
increase in bleeding complications. 60 In addition, therapy 
with aspirin may prevent the early reactivation of angina 
observed after discontinuation of heparin therapy. 61 

Secondary Prevention 
After MI 

There have been 6 large, randomized trials that used aspirin 
alone as long-term treatment after an AMI, 62 " 67 and all but 1 
of these 62 demonstrated a trend toward decreased mortality 
with aspirin therapy. The results of these trials and 139 others 
that evaluated the long-term use of aspirin in a wide range of 
patients were reviewed in a meta-analysis by the Antiplatelet 
Trialists in 1994 42 This analysis comprised « 100 000 pa- 
tients, 70 000 of whom were considered "high-risk patients" 
by virtue of a prior history of AMI, unstable angina, stable 
angina, prior percutaneous or surgical coronary revascular- 
ization, stroke, transient ischemic attack (TIA), atrial fibril- 
lation, valvular heart disease, or peripheral vascular disease. 
Overall, among these high-risk patients, aspirin reduced the 
risk of nonfatal MI by approximately one-third, the risk of 
nonfatal stroke by one-third, and the risk of vascular death by 
one-sixth. 

Among *=20 000 of these patients with a prior history of 
MI, aspirin therapy decreased the risk of vascular events over 
an average 2-year treatment period from 17.1% to 13.5%, 
corresponding to an absolute decrease of 36 events per 1000 
patients treated. Among 1 1 000 patients with a prior stroke or 
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TABLE 2. Studies of Aspirin for Primary Prevention of Cardiovascular Events 









Length of 


Total Mortality, 


Nonfatal Ml, 


Stroke, 


Reference 


No. of Patients 


Dose, mg 


Follow-up 


RR (95% CI) 


RR (95% CI) 


RR (95% CI) 


Physicians' Health Study 81 


22 071 


325 


5y 


0.96 (0.80-1.14) 


0.59 (0.47-0.74) 


1.22 (0.93-1.60) 


Peto et al 8Z 


5139 


500 


6y 


0.89* 


0.97* 


1.15(0.75-1.50) 


Thrombosis Prevention Trial 64 


5085 


75 


6.4 y 


1,06 (0.88-1,28) 


0.6B (0.52-0,88) 


0.98 (0.65-1,45) 


Manson et a[f aa 


87 678 


Varied 


5.4 y 


0,86(0.72-1.03) 


0.68 (0,49-0.93) 


0.99 (0.71-1.36) 



RR is for aspirin vs nonaspirin groups. 

'Result not statistically significant; Cfs not available. 

fRRs for subgroup taking up to 6 aspirin per week vs nonaspirin group. 



TIA, aspirin therapy was associated with an event rate of 
18.4% compared with a rate of 22.2% in control subjects 
(3-year decrease in absolute event rate of 38 events per 1000 
patients). In other high-risk patients, the benefit was some- 
what less but still significant: the 1-year benefit in this group 
was ^20 events per 1000 patients treated with aspirin. 

These results clearly demonstrate a significant treatment 
effect of aspirin when given as secondary prevention in 
patients with underlying cardiovascular disease. Additionally, 
the results were significant in all groups irrespective of age, 
gender, or the presence of hypertension or diabetes. A wide 
range of dosing regimens was evaluated in this trial (most 
frequently 75 to 325 mg/d), and these regimens were equally 
effective. Given the effectiveness of a dose of 162.5 mg/d in 
the ISIS-2 trial 44 and the higher incidence of GI side effects 
when aspirin is used chronically at higher doses (see below), 
it seems reasonable to begin treatment with a dose of 160 to 
325 mg and continue chronic treatment with 75 to 160 mg/d 
in patients with coronary artery disease. 

After Revascularization 

Percutaneous revascularization with balloon angioplasty or 
intracoronary stenting results in local vascular trauma, with 
exposure of the subendothelium to the vascular space. This 
highly thrombogenic milieu predisposes to intraluminal 
thrombus development with either abrupt closure or subacute 
thrombosis of the vessel in 3.5% to 8.6% of procedures. 68-70 
Several studies have demonstrated a significant decrease in 
acute complications of angioplasty with the combination of 
aspirin and dipyridamole, 71 although this combination pro- 
vides little additional benefit over aspirin alone. 72 Compared 
with aspirin alone or a regimen of aspirin plus warfarin, the 
combination of ticlopidine (500 mg/d for 1 month) and 
aspirin (325 mg/d) in patients undergoing intracoronary stent 
placement significantly decreases the 30-day combined end 
point of death, target-vessel revascularization, angiographic 
thrombosis, or MI (relative risk [RR] 0.15 for combined 
therapy versus aspirin alone). 73 This benefit is seen irrespec- 
tive of whether the stent deployment is felt to be "successful" 
with a low risk for thrombosis 73 or if high-risk markers for 
stent thrombosis are present 74 

Coronary artery bypass surgery with saphenous vein grafts 
is associated with a 5% to 15% graft occlusion rate during the 
first postoperative month, 75 - 76 which is largely related to 
thrombosis at the anastomotic site as a result of endothelial 
disruption and vessel damage. 77 When given in the immediate 
postoperative period, aspirin clearly decreases the rate of 



early thrombotic graft occlusion by ^50%, and continued 
aspirin therapy for 1 year further decreases the rate of 
occlusive events. 75 - 7 * 5 Preoperative administration of aspirin is 
associated with increased bleeding complications but offers 
no additional benefit in early graft patency compared with 
providing aspirin 6 hours after surgery, 78 Although there does 
not appear to be additional benefit of aspirin with regard to 
long-term graft patency after 1 year of therapy, 79 continued 
aspirin therapy is required for secondary prevention of 
vascular events in these patients. Treatment with ticlopidine 
or sulfinpyrazone also improves early graft patency; however, 
these agents have not been shown to be better than aspirin. 80 

Primary Prevention 

In light of the benefit of aspirin in the treatment of acute 
cardiovascular disease and in the secondary prevention of 
recurrent events, enthusiasm has developed for the evaluation 
of aspirin as a primary preventive measure (Table 2), There 
have been 2 large, randomized trials of aspirin for the primary 
prevention of cardiovascular events that enrolled male phy- 
sicians without prior MI and with a low incidence of prior 
cardiovascular disease (eg, TIA or angina). 81 - 82 The Physi- 
cians' Health Study randomized 22 071 subjects between the 
ages of 40 and 84 years to treatment with aspirin (325 mg 
every other day) or placebo. 81 The study was stopped prema- 
turely after an average follow-up of 5 years owing to a highly 
significant 44% reduction in the risk of MI in the aspirin- 
treated group (0.26% per year versus 0.44% per year), an 
effect that was limited to participants over the age of 50 years. 
Nonetheless, there was no decrease in cardiovascular mortal- 
ity. Additionally, there was a nonsignificant increase in 
hemorrhagic stroke (RR 2, 14) and a significant increase in GI 
bleeding requiring transfusion. The British Physicians' Study 
enrolled 5139 subjects and also demonstrated no difference in 
cardiovascular mortality after 6 years of aspirin therapy (500 
mg/d). 82 Importantly, this trial showed no significant differ- 
ence in the incidence of MI but a significant increase in 
disabling strokes. Combined analyses of these results dem- 
onstrated a significant 33% treatment-related reduction in 
nonfatal MI but still failed to show a decrease in mortality and 
demonstrated a borderline increase in hemorrhagic strokes 
and a nonsignificant increase in all strokes, 42 - 83 

These 2 trials studied a population of patients who have a 
very low risk for cardiovascular events. Individuals at higher 
risk for the development of cardiovascular events (based on 
their risk factor profile) were enrolled in the Thrombosis 
Prevention Trial 84 and randomized to aspirin (75 mg/d), 
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warfarin (average dose 4.1 mg/d), both, or neither. After >6 
years of follow-up, there was a 20% reduction in ischemic 
heart disease events (cardiac death, fatal or nonfatal MI) in 
the aspirin-treated groups. This difference was almost entirely 
accounted for by a 32% reduction in nonfatal events, without 
a significant effect on mortality. In contrast, warfarin therapy 
resulted in a 21% reduction in ischemic events, mostly as a 
result of a 39% reduction in fatal events. Neither of these 
therapies alone resulted in an increase in the total number of 
strokes. The combination of aspirin and warfarin produced 
the greatest reduction in ischemic events (34%) but was also 
associated with an increase in hemorrhagic and fatal strokes. 

Patients with chronic stable angina have a significant risk 
of developing subsequent cardiovascular events, 85 and sev- 
eral studies have demonstrated a beneficial effect of aspirin in 
this group of patients. In the Physician's Health Study, 
patients who had chronic stable angina and received aspirin 
had an 87% reduction in the risk of MI compared with their 
counterparts who received placebo. 86 Similarly, in the Swed- 
ish Angina Pectoris Aspirin Trial, 2035 patients with chronic 
stable angina but without prior MI who received aspirin (75 
mg/d) had a 34% decrease in the combined risk of MI and 
sudden death. 87 The risk of stroke, however, was increased by 
aspirin use in both studies. 

No randomized data are available regarding the use of 
aspirin for the primary prevention of cardiovascular disease 
in women. However, in a prospective cohort study of 87 678 
US nurses, the use of up to 6 aspirin per week did not alter the 
risk of cardiovascular death, stroke, or important vascular 
events. 88 The risk of first MI was significantly reduced (RR 
0.68), although this beneficial effect was limited to women 
over the age of 50 years. These findings are consistent with 
the results of primary prevention trials in men; however, 
definitive recommendations await the results of the ongoing 
Women's Health Study. 89 

In summary, the primary prevention trials demonstrate that 
aspirin therapy does not decrease cardiovascular mortality but 
significantly decreases the risk of nonfatal MI, There does not 
appear to be a consistent effect on the incidence of stroke, 
although there is a trend toward an increase in stroke risk. 
Additionally, there is an increase in nonfatal bleeding. The 
absolute benefit of aspirin therapy clearly increases as the risk 
of cardiovascular events increases in the treatment group 
(Table 3). Therefore, in patients with a relatively low risk of 
developing cardiovascular disease, the risk of prophylactic 
aspirin therapy may be outweighed by the risk of hemor- 
rhagic complications. Conversely, in patients believed to be 
at high risk, the benefits of therapy,' specifically a decrease in 
the development of MI, may outweigh the risk of hemor- 
rhagic complications, and prophylactic therapy may be 
warranted. 

Aspirin in Cerebrovascular Disease 
Acute Therapy 

Two large, randomized trials of aspirin use in the setting of an 
acute, ischemic stroke have recently been reported (Table 
4). 90 - 91 Combined, these trials enrolled >40 000 patients 
within 48 hours of the onset of neurological symptoms and 



TABLE 3. Gradient of Benefit in Trials of Aspirin Therapy 



Indication for Therapy Magnitude of Benefit 



Treatment of AM! 


24 deaths/1000 patients treated for 5 wk 


Treatment of unstable angina 


50 events/1000 patien 


its treated for 6 mo 


Secondary prevention 






After Ml 


36 events/1000 patients treated for 2 y 


After CVA/TIA 


38 events/1000 patien 


Us treated for 2 y 


Primary prevention 






In patients with angina 


51 events/1000 patien 


its treated for 4 y 


In "high-risk" patients 


5 events/1000 men tn 


sated for 1 y 


In "low-risk" patients 


4 events/1000 men treated for 5 y 



CVA indicates cerebrovascular accident. 



"High-risk" refers to patients in the top 20% of risk based on their risk factor 
profile. 84 "Low-risk" refers to patients with minimal risk factors for athero- 
sclerotic cardiovascular disease. 

demonstrated a significant decrease in the risk of recurrent 
stroke and in the combined incidence of death or nonfatal 
stroke (Table 4). Importantly, there was no significant in- 
crease in hemorrhagic stroke. These results correspond to a 
reduction of 10 deaths or recurrent strokes per 1000 patients 
after 2 to 4 weeks of aspirin therapy. These trials also 
demonstrated a trend toward a decreased incidence of death 
or significant disability (dependence) at 4 weeks of follow- 
up. The addition of heparin (5000 or 12 500 IU subcutane- 
ously, twice a day) to aspirin yielded no further benefit but 
increased bleeding complications. 90 In addition, heparin ther- 
apy alone effected no difference in the rate of death or 
recurrent stroke but resulted in a significant increase in 
hemorrhagic strokes and major noncerebral bleeding. 

Secondary and Primary Prevention 

There are conflicting results from individual trials regarding 
the effectiveness of aspirin in the secondary prevention of 
cerebrovascular events. 92-95 Included in the Antiplatelet Tri- 
alists 1 review were 12 randomized trials of >10 000 patients 
with a prior stroke or TIA. 42 Most of these patients were 
treated with aspirin (50 to 1500 mg/d), although some 
received other antiplatelet agents, either alone or in combi- 
nation with aspirin. Overall, there was a highly significant 
17% reduction in the risk of nonfatal stroke and of all 
vascular events (nonfatal stroke or MI or vascular death) in 
patients treated for a mean of 33 months. This effect was 
similar whether the patient presented with a TIA or a 
completed stroke and resulted in a reduction of 37 vascular 
events per 1000 patients treated. Similar results have been 
reported in 3 subsequent trials. 96 - 98 In a recent meta-analysis 
of 10 randomized trials comprising 9172 patients with cere- 
brovascular disease who were given prolonged aspirin admin- 
istration 3 aspirin resulted in a significant 13% reduction in the 
risk of subsequent stroke compared with placebo. 99 

Overall, data regarding the use of aspirin for the primary 
prevention of strokes in patients at high risk are not encour- 
aging. In the British Physicians' Study, 82 aspirin therapy 
significantly decreased the incidence of TIA (15.9% versus 
27.5%; P<0.05) but did not decrease the risk of stroke and in 
fact increased the risk of disabling stroke (19.1% versus 
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TABLE 4. Trials of Aspirin Therapy in Acute Ischemic Stroke 



Chinese Acute Stroke Trial 91 



International Stroke Trial 90 



End Point 


Aspirin 


No Aspirin 


2P 


Aspirin 


No Aspirin 


2P 


Death 


3.3 


3.9 


0.04 


9.0 


9.4 


NS 


Death and nonfatal CVA 


5.3 


5,9 


0.03 


11.3 


12.4 


<0.05 


Recurrent CVA 


1.6 


2.1 


0.01 


2.8 


3.9 


<0.001 


Hemorrhagic CVA 


1.1 


0.9 


NS 


0.9 


0.8 


NS 


Death or dependence 


30.5 


31.6 


0.08 


62.2 


63.5 


0.07 



CVA indicates cerebrovascular accident. Values are percentages (except for 2P values). 
In the International Stroke Trial, follow-up was at 2 weeks except for "death or dependence," which was evaluated 
at 6 months. In the Chinese Acute Stroke Trial, follow-up was at 4 weeks. 



7.4%; P<0.05). Similarly, an increased risk of stroke, pri- 
marily of the hemorrhagic type, was noted in the Physicians' 
Health Study, 81 In a small study of asymptomatic patients 
with carotid bruits and ^50% stenosis of a carotid artery, 
aspirin failed to prevent subsequent cerebrovascular 
events. 100 Four placebo-controlled trials have evaluated aspi- 
rin for the prevention of stroke in patients with atrial 
fibrillation 101 " 104 and, when their data are combined, demon- 
strate a small but significant reduction in risk. 105 However, 
except in the very-low-risk patient (age <65 years with no 
other cardiovascular disease), the reduction in stroke risk is 
much greater with warfarin therapy in trials that directly 
compare the 2 agents (68% versus 12%). 101 - 103 * 105 - 107 

The ideal dose of aspirin for the prevention of future 
vascular events in patients with TIAs or minor stroke has 
been the subject of much debate, 108 * 109 although several trials 
have demonstrated increased bleeding complications with 
higher doses. 95 > 9S In the meta-analysis mentioned above, the 
beneficial effect of aspirin on the incidence of recurrent 
stroke occurred irrespective of dose {50 to 1500 mg/d). 99 
Additionally, in a large group of patients undergoing carotid 
endarterectomy, low-dose aspirin (81 or 325 mg/d) was 
associated with a lower risk of stroke, MI, or death compared 
with high-dose regimens (650 or 1300 mg/d). 110 * 111 Thus, as 
is the case with coronary artery disease, a low-dose aspirin 
regimen appears appropriate for secondary prevention of 
cerebrovascular disease. 

Adverse Effects 

The inhibition of prostaglandin synthesis is responsible for 
the anti-inflammatory effects of aspirin but also results in the 
alteration of normally protective prostaglandin functions with 
potentially serious consequences, including gastric ulcers, 

TABLE 5. Recommendations for Aspirin Use 



renal failure, and impaired platelet function with resultant 
hemorrhagic complications. These side effects and others will 
be discussed next. 

GI Toxicity 

Aspirin-induced inhibition of COX results in loss of the 
cytoprotective effects of PGE 2 on the gastric mucosa. This 
mechanism likely accounts in part for the more frequent 
development of GI side effects in the aspirin-treated patients 
in most trials, 93 * 95 * 97 * 1 12 Minor GI symptoms (including nau- 
sea, vomiting, heartburn, and indigestion) have been reported 
in 5.2% to 40% of patients treated with aspirin versus 0.7% to 
34% of patients taking placebo, 52 ' 34 * 62 '* 1 ' 95 peptic ulcers in 
0.8% to 2.6% of aspirin-treated patients versus 0% to L2% 
with placebo, 81 * 82 * 93 and major GI bleeding (melena requiring 
transfusion or hematemesis) in <1% of patients in both 
groups. 53 * 81 - 34 ' B7 ' 90 Minor bleeding episodes (epistaxis, hema- 
turia, melena not requiring therapy, and bruising) occur 
frequently in patients taking aspirin and are significantly 
more common than among their placebo-treated counter- 
parts. 84 ' 104 - 113 In the United Kingdom Transient Ischaemic 
Attack (UK-TIA) trial, 95 the incidence of GI symptoms was 
not only significantly higher in the aspirin-treated group than 
in the placebo group, but GI symptoms were significantly 
more frequent in the high-dose (1200 mg/d) than in the 
low-dose (300 mg/d) aspirin groups (2P< 0.001 for both 
comparisons). An overview of randomized trials of aspirin 
therapy similarly found that GI toxicity (both major and 
minor) was dose related with daily doses between 30 and 
1300 mg. 112 Nonetheless, even low doses of aspirin (50 to 75 
mg/d) are not free from side effects, may still be associated 
with increased GI bleeding, 97,104 * 11 3 and frequently precipitate 
the discontinuation of therapy. 52 * 56 



Clinical Indication 



Recommended Dose 



Far treatment of 
AM! 

Acute thromboembolic stroke 

Unstable angina 

Secondary prevention after Ml, stroke, or TIA and 
in patients with chronic stable angina 

Primary prevention 



Initial therapy: 160-325 mg 
Subsequent daily dose: 75-160 mg 



Daily therapy with 160-325 mg 



No clear indication at this time. Consider therapy with 75-160 mg/d in 
patients believed to be at high risk for development of cardiovascular disease. 
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Hemorrhagic Stroke 

Several studies have suggested an increase in the risk of 
hemorrhagic stroke in patients treated with aspirin in the 
setting of an AMI 44 or acute ischemic stroke, 90 - 91 as well as 
when aspirin is used for the primary 81 or secondary 97 preven- 
tion of cardiovascular events. A recent meta-analysis of 16 
trials comprising 55 462 patients treated with aspirin or 
control therapy demonstrated a significant increase in hem- 
orrhagic strokes (RR 1,84; P<0.001) despite a decrease in 
ischemic strokes, total strokes, and ML 114 This relative risk 
translated into an absolute increase of 12 hemorrhagic strokes 
per 10 000 patients treated with aspirin. 

Other Side Effects 

The use of nonaspirin inhibitors of COX (nonsteroidal anti- 
inflammatory drugs [NSAIDs]) may be associated with an 
increased risk of renal insufficiency and worsening of hyper- 
tension control owing to inhibition of renal vasodilatory 
prostaglandins. 115 - 116 Aspirin is a relatively weak inhibitor of 
renal prostaglandin synthesis and does not significantly affect 
renal function or blood pressure control when used at the low 
to moderate doses suggested for the treatment of cardiovas- 
cular disease. 1 17 However, at high doses (1500 mg/d), aspirin 
can significantly reduce renal sodium excretion in patients 
with heart failure. 118 Aspirin has been reported to counteract 
the systemic arterial vasodilatory effects and attenuate the 
mortality benefit of ACE inhibition by enalapril in patients 
with congestive heart failure. 1 19-121 A similar loss of efficacy 
was not seen in a post hoc analysis of the Captopril and 
Thrombolysis Study. 122 A recent review of the literature in 
this regard suggests that low-dose aspirin (^100 mg/d) has 
very little interaction with the effects of ACE inhibitors, 
whereas higher doses may attenuate the benefit of these 
agents in patients with hypertension or congestive heart 
failure. 123 

A small percentage of people, most of whom have preex- 
isting asthmatic disease, suffer from aspirin intolerance or 
sensitivity. Administration of aspirin to these persons results 
in the development of bronchoconstriction> rhinitis, and/or 
urticaria. 124 The mechanism of this sensitivity is not known 
but likely results from the inhibition of COX and possibly 
from abnormal leukotriene production. 125 Aspirin sensitivity 
can result in severe respiratory decompensation; however, 
most patients can be safely desensitized by the gradual 
administration of increasing doses of aspirin. 

Making a Safer Aspirin 

Attempts have been made to decrease the gastric toxicity of 
aspirin by pharmacological manipulation. Sustained-release 43 
and topical formulations 126 have been demonstrated to pro- 
duce relatively selective inhibition of platelet TXA 2 produc- 
tion with minimal effects on vascular and gastric prostanoids 
and thus may have less gastrotoxicity. Enteric-coated aspirin 
tablets may be less gastrotoxic as a result of decreased gastric 
irritation. In a small endoscopic study of asymptomatic 
patients undergoing long-term aspirin therapy, 127 gastric mu- 
cosal erosions were noted in 90% of patients treated with 
regular aspirin compared with 60% of patients receiving 
enteric-coated aspirin. Additionally, GI blood loss has been 



shown to be less with enteric-coated aspirin than with the 
noncoated formulation. 128 Nonetheless, because the mecha- 
nism of action of enteric-coated aspirin still leads to the 
systemic inhibition of COX, coated aspirin is associated with 
significant gastric toxicity compared with placebo 127 and 
results in a similar risk of upper GI bleeding compared with 
regular, uncoated aspirin. 129 

Regular aspirin is rapidly absorbed from the acid environ- 
ment of the stomach. Enteric coating of aspirin results in its 
release into the alkaline environment of the small bowel, 
where it is hydrolyzed. As a result, enteric-coated aspirin has 
lower bioavailability than regular aspirin. 130 Nonetheless, the 
antiplatelet effects of full-dose (>300 mg) enteric-coated 
aspirin are similar to those of uncoated formulations. 130 * 131 
However, the efficacy of low-dose (<100 mg) enteric-coated 
preparations has not been clearly established, and it is 
possible that such doses may result in inadequate platelet 
inhibition. Thus, if coated aspirin is prescribed, larger doses 
may be necessary to obtain the desired antiplatelet effect. 

The dissociation of the effects of the different COX 
enzymes (COX-1 and COX-2) has stimulated the production 
of agents that preferentially inhibit COX-2 and allow for the 
inhibition of inflammatory prostaglandins while leaving ho- 
meostatic prostaglandins relatively intact. Several new 
NSAIDs have been shown to have relative COX-2 selectiv- 
ity 132-134 anc j appear to be associated with fewer gastric side 
effects. 7 - 135 * 136 The therapeutic antithrombotic effects and the 
toxic gastric effects of aspirin are both mediated through the 
inhibition of COX- 1; therefore, dissociation of these effects is 
not feasible. However, coadministration of aspirin with the 
synthetic PGE 2 analog misoprostol allows for the complete 
inhibition of TXA 2 synthesis in platelets while maintaining 
gastric protection. This approach decreases the risk of gastric 
ulceration, erosion, and hemorrhage in dogs. 1 37 - 1 38 Further- 
more, in a randomized trial in healthy volunteers given 
anti-inflammatory doses of aspirin (3900 mg/d), cotreatment 
with 200 mg of misoprostol twice daily significantly reduced 
endoscopically documented gastric and duodenal mucosal 
injury (P<0.006). 139 

Other novel methods of improving the safety profile of 
aspirin are being developed. Animal models suggest that the 
intragastric administration of aspirin stimulates the release of 
NO, which decreases gastric acid secretion and increases 
cytoprotection, thus limiting gastric mucosal damage. 140 Fur- 
thermore, compared with regular aspirin, the administration 
of NO-releasing derivatives of aspirin has no topical gastric 
irritating effects, does not worsen stress-induced gastric 
ulceration, and protects against toxic gastric injury. 141 - 143 
This marked improvement in gastric toxicity occurs with 
these agents despite the equivalent inhibition of COX and 
equipotent or enhanced antithrombotic activity compared 
with aspirin. 143 The clinical safety and efficacy of these 
agents remain to be determined. 

Comparison With Other Antiplatelet Agents 

Despite aspirin's demonstrated effectiveness in treating and 
preventing atherosclerotic disease, it produces only partial 
inhibition of platelet aggregation, and therefore it is a rela- 
tively weak antiplatelet agent. Additionally, a minority of 
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patients appear to be relatively resistant to the antiplatelet 
effects of aspirin, even when it is administered in large 
doses. 144 Platelet aggregation studies have demonstrated in- 
complete inhibition of aggregation in 25% of patients with 
prior ischemic stroke who were receiving long-term aspirin 
therapy (minimum dose 325 mg/d). 14S Some patients demon- 
strate improved platelet inhibition at higher aspirin doses; 
however, 8% of patients taking 1300 mg of aspirin per day 
may still be aspirin resistant. 145 The mechanism of this 
decreased efficacy of aspirin in some patients is not well 
understood but may reflect the limited potency of aspirin as 
an inhibitor of COX-2, the expression of which has recently 
been demonstrated in human platelets, 146 

Aspirin does not completely inhibit TXA 2 synthesis/ 1 and 
other non-TXA 2 - dependent activators of platelet aggregation 
(eg, thrombin, ADP, and collagen) can bypass the aspirin-in- 
hibitory effect and result in thrombosis. Newer agents that 
interrupt these other pathways or interfere with the glycopro- 
tein Ilb/IIIa receptor, the final common pathway in platelet 
aggregation, may prove to be more effective antithrombotic 
agents. 147 Several other antiplatelet agents have therefore 
been used for the treatment of thrombotic cardiovascular 
disease and have been compared with aspirin in randomized 
clinical trials. 

In the Antiplatelet Trialists' overview, several antithrom- 
botic regimens were evaluated, including aspirin, ticlopidine, 
or sulfinpyrazone alone or the combination of aspirin plus 
dipyridamole. 42 Direct and indirect comparisons of the effec- 
tiveness of these regimens demonstrated no significant dif- 
ference in vascular events, although the numbers of patients 
enrolled in trials that directly compared agents were low. 

Ticlopidine and Clopidogrel 

Ticlopidine and clopidogrel are thienopyridine derivatives 
that inhibit ADP-induced binding of fibrinogen to platelets, a 
process necessary for platelet aggregation, l4s In randomized 
trials of patients with recent stroke or TIA, ticlopidine (250 
mg twice daily) has demonstrated a significant 23.3% reduc- 
tion in the combined incidence of stroke, MI, or vascular 
death compared with placebo (1 L3% per year versus 14.8% 
per year with placebo; J P=0.02), 149 as well as a 21% lower 
risk of stroke (10% versus 13%; P=0.024) and a 12% 
reduction in the combined risk of death and nonfatal stroke 
(17% versus 19%; ^=0.048) compared with aspirin (650 mg 
twice daily). 150 However, ticlopidine therapy resulted in 
severe neutropenia in =*1% of patients. 

The Clopidogrel versus Aspirin in Patients at Risk for 
Ischemic Events (CAPRIE) study compared the efficacy of 
aspirin (325 mg/d) with clopidogrel (75 mg/d) for reducing 
the combined incidence of ischemic stroke, MI, or vascular 
death in 19 185 patients with a recent stroke or MI or with 
symptomatic peripheral arterial disease. 151 After an average 
follow-up of almost 2 years, clopidogrel demonstrated a 
significant 8.7% benefit over aspirin (5.32% versus 5.83%; 
P= 0.043). Adverse events were not significantly different 
between the agents, and neutropenia was rare (0.1%) with 
clopidogrel 



Dipyridamole 

Dipyridamole is a pyrimidopyrimidine derivative that inhibits 
cyclic nucleotide phosphodiesterases and blocks the uptake of 
adenosine, resulting in a reduction in platelet cytosolic 
calcium and subsequent inhibition of platelet activation. 152 
Initial studies demonstrated no significant benefit of adding 
dipyridamole to aspirin for the secondary prevention of 
stroke 94 or recurrent MI. 153 The European Stroke 
Prevention-2 trial randomized 6602 patients with prior minor 
stroke or TIA to treatment with aspirin (50 mg/d), dipyridam- 
ole (400 mg/d), both, or neither. After 2 years of follow-up, 
the 2 agents alone were found to be equally effective in 
reducing the risk of stroke (RR reductions: 1 8% with aspirin, 
P=0.013; 16% with dipyridamole, P=0.039) and stroke or 
death combined (RR reductions: 13% with aspirin, ^=0.016; 
15% with dipyridamole, P=0.015) compared with place- 
bo,* 04 Furthermore, the benefits were additive with combina- 
tion therapy (RR reductions: 37% for stroke, P<0.001; 24% 
for combined end point, P<0MI). A recent review of 15 
randomized trials suggests that the addition of dipyridamole 
to aspirin will reduce the risk of vascular events by an 
additional 1 5% over the effects of aspirin alone." 

Glycoprotein Ilb/IIIa Inhibitors 

Irrespective of the activating stimulus, the final common 
pathway of platelet activation involves exposure and activa- 
tion of glycoprotein Ilb/IIIa, the platelet fibrinogen receptor. 
Inhibitors of this receptor, including monoclonal antibodies 
and peptide- and nonpeptide-derived agents, have been stud- 
ied extensively in various settings. When added to standard 
antiplatelet therapy with aspirin (325 mg) and intravenous 
heparin in patients undergoing percutaneous revasculariza- 
tion, the monoclonal antibody c7E3 (abciximab) reduced the 
risk of ischemic complications (death, nonfatal MI, un- 
planned revascularization procedures, or refractory angina) 
by 35% (83% versus 12.8% with placebo; P=0.008) in 
patients undergoing high-risk angioplasty (unstable angina, 
evolving AMI, or high-risk coronary morphology) 154 and by 
56% (5.2% versus 1 1.7% with placebo; P<0.001) in patients 
undergoing urgent or elective percutaneous revasculariza- 
tion. 155 A similar reduction in the risk of early ischemic 
events was demonstrated with tirofiban, a synthetic, nonpep- 
tide Ilb/IIIa inhibitor, after high-risk coronary angioplasty 156 
and with abciximab after intracoronary stenting. 157 

The benefit of platelet inhibition in patients with unstable 
angina has been assessed recently by monitoring troponin T 
release, which serves as a surrogate marker for thrombus 
formation. Patients with refractory unstable angina and ele- 
vated troponin T levels were shown to constitute a high-risk 
subgroup who particularly benefited from antiplatelet therapy 
with abciximab. 158 When added to treatment with intravenous 
heparin in patients with unstable angina, treatment with 
intravenous eptifibatide (integrelin), a peptide Ilb/IIIa inhib- 
itor, decreased the incidence and duration of ischemic epi- 
sodes noted on 24-hour ECG monitoring compared with 
aspirin therapy. 159 In patients with unstable angina or non- 
Q-wave MI, the addition of tirofiban to aspirin therapy (325 
mg/d) reduced the composite end point of death, MI, or 
refractory ischemia by 32% after 48 hours of therapy (3.8% 
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versus 5.6% with heparin; P=0.01) 160 ; however, at 30 days, 
the difference was no longer significant In a group of patients 
with more severe unstable angina and a higher proportion of 
non-Q-wave MI, treatment with aspirin plus tirofiban re- 
sulted in an increase in mortality compared with a regimen of 
aspirin plus intravenous heparin (mortality rate of 4.6% 
versus 1.1% at 7 days; P—0.0\2). l6i However, the addition of 
tirofiban to a regimen of aspirin plus heparin decreased the 
composite end point of death, MI, or refractory ischemia at 7 
days by 32% (12.9% versus 17.9%; P=0.004). This benefit 
persisted, although to a smaller degree, at 30 days and at 6 
months after treatment. 

Taken together, these trials demonstrate a significant ben- 
efit of glycoprotein Ilb/IIIa inhibitors when administered in 
addition to usual aspirin therapy in patients with unstable 
coronary syndromes and after percutaneous revascularization. 
Although initial studies were complicated by increased rates 
of bleeding, 154 with adjusted heparin dosing, the expected 
bleeding rate is not different from that with standard heparin 
and aspirin therapy, l55 ' 160 - 161 

Conclusions 

Aspirin clearly decreases mortality and reinfarction when 
given as short-term therapy for AMI, when given to patients 
with unstable angina, and when given as long-term secondary 
preventive therapy in a wide range of patients with estab- 
lished cardiovascular disease. Despite the strength of the data 
in this regard, studies suggest that aspirin remains underused 
for both the treatment of acute coronary syndromes 162 - 163 and 
for secondary prevention of recurrent events.* 64-166 More 
than 10% of patients suffering an AMI do not receive aspirin 
therapy despite the absence of contraindications, 162 and 20% 
to 50% of postinfarction patients may not be taking aspirin on 
an ongoing basis. 164 - 16S The statistics are even worse in the 
elderly population: almost 30% of Medicare patients hospi- 
talized for unstable angina are not treated with aspirin in the 
short term, 163 and as many as 80% of nursing home patients 
with a prior history of MI may not be given aspirin. 166 
Nonetheless, its use in these settings should be the accepted 
standard unless absolute contraindications exist. The dose of 
aspirin should always be the lowest dose that is known to be 
effective (ie, 1 60 to 325 mg for acute treatment of cardiovas- 
cular events and 75 to 160 mg/d for primary and secondary 
prevention) because higher doses result in higher rates of 
complications. The role of aspirin in primary prevention is 
less clear. In patients felt to be at high risk of a future cardiac 
event owing to the presence of significant risk factors, 
prophylactic aspirin should be considered but weighed 
against the risk of potential complications. In patients at low 
risk of cardiac events, the risk of hemorrhagic complications 
may outweigh the benefits of therapy, and the current data do 
not support the use of prophylactic aspirin therapy in this 
setting. As newer aspirin regimens are developed that have 
improved safety profiles, the risk/benefit ratio may change to 
support the use of aspirin as primary prevention in a broader 
range of patients. Other antithrombotic agents, especially the 
glycoprotein Ilb/IIIa inhibitors, which are capable of more 
complete platelet inhibition, are likely to play an increasingly 
greater role in the treatment of cardiovascular diseases; 



however, given its relative safety and extremely low cost, 
aspirin will continue to be an important agent in the treatment 
and prevention of cardiovascular diseases for the foreseeable 
future. 
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Brief Rapid Communications 



Effectiveness of Clopidogrel and Aspirin Versus Ticlopidine 
and Aspirin in Preventing Stent Thrombosis After 
Coronary Stent Implantation 

Issam Moussa, MD; Mathew Oetgen, MS; Gary Roubin, MD; Antonio Colombo, MD; 
Xangdong Wang, MD; Sriram Iyer, MD; Roberta Maida, RN; Michael Collins, MD; 
Edward Kreps, MD; Jeffrey W. Moses, MD 

Background — Ticlopidine has been shown to reduce the incidence of stent thrombosis compared with warfarin, but it may 
cause serious hematological side effects. Clopidogrel, a new thienopyridine derivative, may be a safe alternative to 
ticlopidine. The aim of this study was to compare the safety and efficacy of clopidogrel and aspirin with those of 
ticlopidine and aspirin in patients undergoing coronary stent implantation. 

Methods and Results — The population of this study consisted of 2 groups: patients who underwent coronary stenting and 
were treated with ticlopidine and aspirin (TA group, 11=1406), and patients who underwent coronary stenting followed 
by treatment with clopidogrel and aspirin (CA group, n=283). At 1 -month follow-up, there was no difference in stent 
thrombosis (1.5% versus 1.4%, P=L0) or major adverse cardiac events (3.1% versus 2.4%, P=0.85) between the TA 
and CA groups, respectively. The probability of any side effect (neutropenia, diarrhea, rash) was significantly higher in 
the TA group (10.6% versus 5.3%, F=0.006; relative risk, 0.53; CI, 0.32 to 0.86). 

Conclusions— These data suggest that clopidogrel may be an effective pharmacological regimen after coronary stent 
implantation. Furthermore, the simpler dosing regimen, the absence of neutropenia, and the lower frequency of other 
side effects make it a safe alternative to ticlopidine. (Circulation. 1999;99:2364-2366.) 

Key Words: clopidogrel m ticlopidine m stents 



Coronary stent implantation has become the dominant 
form of catheter-based coronary interventions on the 
basis of data demonstrating the efficacy and safety of coro- 
nary stenting when appropriate technique and postprocedure 
antiplatelet therapy are used. 1 ^ The combination of ticlopi- 
dine and aspirin has been confirmed to be superior to aspirin 
alone or aspirin and coumarin in randomized trials. 3 * 4 Despite 
the effectiveness of ticlopidine, a small incidence of side 
effects remains, 5 in particular hematological side effects that 
may occasionally be fatal 6 

Clopidogrel, a new thienopyridine derivative, was recently 
approved for use in patients with atherosclerotic vascular 
disease to reduce the incidence of ischemic events. 7 This 
antiplatelet agent may potentially be of use after stent 
implantation to reduce stent thrombosis without the added 
risks of hematological toxicity. As of this writing, few data 
are available as to the effectiveness of this agent in preventing 
thrombosis after stenting. The purpose of this study was to 
compare the safety and effectiveness of clopidogrel and 
aspirin with those of ticlopidine and aspirin in a consecutive 
series of patients undergoing coronary stent implantation. 



Methods 

Patient Population, Stent Implantation, and 
Pharmacological Regimen 

Between September 1996 and June 1998, 2057 patients underwent 
stent implantation for obstructive coronary artery disease. Of these, 
3 68 were excluded from this study because of (1) requirement for 
oral anticoagulation (57 patients)" (2) administration of abciximab 
(280 patients); (3) procedural failure: less than TIMI 3 flow (8 
patients), residual diameter stenosis >50% (4 patients), emergency 
bypass surgery (3 patients), or intracerebral hemorrhage (I patient); 
and (4) patients who received aspirin alone (14 patients) or ticlopi- 
dine alone (1 patient) because of known allergy to the olhcr agent. 
The final study papulation consisted of patients who underwent 
coronary stenting between September 1996 and February I99S and 
were treated with ticlopidine and aspirin (TA group: 1406 patients, 
1 763 lesions) and patients who underwent coronary stenting between 
March 1998 and June 1998 and were treated with clopidogrel and 
aspirin (CA group: 283 patients, 376 lesions). Stent implantation was 
performed by use of techniques previously described, 2 and quanti- 
tative angiographic analysis was performed with a computer-based 
system (CMS version 3.0, MED1S). 

Ticlopidine was administered as a loading dose of 500 mg 
followed by 250 mg PO twice a day for 2 weeks. & Clopidogrel was 
administered as a loading dose of 300 mg followed by 75 mg PO 
once a day for 4 weeks, Aspirin was administered as 325 mg PO 
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TABLE 1. Patient Clinical and Angiographic Characteristics 



Patients 


TA firm in 

(n=1406) 


PA ftrriiin 

(n=283) 


P 


Age, y 


63±12 


64±12 


0.20 


Male n i%) 


951 (68) 


193 (68) 


0.89 


Diabetes mellitus, n (%} 


301 (21) 


63 (22) 


0.75 


Unstable angina, n (%) 


490 (35) 


97 (34) 


0.89 


Lesions 


(n=1763) 


(n=376) 




Lesion comnlexitv * n 1%) 






0.08 




190 (11) 


24 l&) 




B1 


438 (25) 


96 (25) 




B2 


586 (33) 


130 (35) 




c 


549 f31) 


126 (34) 




Quantitative angiography 








Preprocedure 








Reference diameter, mm 


2.83 ±0,67 


2,78±0.59 


0.18 


Minimum lumen diameter, mm 


0.84±0,47 


0.90+0.45 


0.02 


Lesion length, mm 


10.93^5.59 


11.63±6.18 


0.05 


Postprocedure 








Minimum lumen diameter, mm 


3.13±0,55 


3.08 ±0.48 


1.0 


Diameter stenosis, % 


10±15 


10±3 


1.0 



A value of P<0.05 is considered significant, 
*AHA/ACC classification. 



once a day to both groups. All patients were instructed to follow up 
with their referring physician in 2 weeks for clinical assessment and 
blood count analysis. In addition, a dedicated nurse practitioner 
(R.M,) was performing telephonic follow-up evaluation at 1 month 
on an ongoing basis. 

Statistics 

Statistical analysis was performed with StatView software. Contin- 
uous normally distributed data were expressed as mean±SD and 
were compared by unpaired Student's / test. Categorical variables 
were expressed as numbers and percentages and compared by the x 1 
test. Differences were considered statistically significant at a value 
ofP<0.05. 

Results 

Patient Characteristics and Procedural Data 

Patient characteristics and angiographic measurements are 
shown in Table I. Similar numbers (1.3+0.6 versus 1.3+0.5, 
P=1.0) and types (slotted tube, 87% versus 88%; coil, 12% 
versus 12%; and Wallstent, 1% versus 0%, F=0.49) of stents 
were implanted in the TA and CA groups, respectively. 
Bailout stenting was performed with similar frequency in 
both groups (6% versus 7%, P=0.57). 

Medication Side Effects and Clinical Outcome 

During the period of this study, 1 6 patients in the TA group 
(1.1%) and 2 patients in the CA group (0.7%) were lost to 
follow-up. Of the study population, 46 patients (3,3%) in the 
TA group and 8 patients (2.8%) in the CA group (P==0.85) 
discontinued the study drug early for reasons other than the 
occurrence of an outcome event Reasons for stopping ticlo- 
pidine were rash in 30 patients, diarrhea in 6 patients, rash 
and diarrhea in 5 patients, neutropenia in 4 patients, and 
noncompliance in t patient Reasons for stopping clopidogrel 



TABLE 2. Incidence of Stent Thrombosis, Major Adverse 
Cardiac Events, and Drug Side Effects at 1 -Month Follow-Up 



Patients 


TA Group 
(n=1390) 


CA Group 
(n=281) 


P 


fitpnt thrnmhnifa 

vJLUEl I UIJ UlUUUiJIO 


21 f1 51 


4 f1 4) 


1.0 


Mvcirarriial infarrtinn 


25 (1*8) 




0.29 






? fn i\ 




G-wave 


7(0.5) 


0(0) 




Coronary artery bypass surgery 


5(0.4) 


2(0.7) 


0.33 


Death 


12(0.9) 


3(1) 


0.73 


Drug side effects 








Neutropenia 


4(0.3) 


0(0) 


1.0 


Diarrhea 


61 (4.4) 


9(3.2) 


0.5 


Rasli 


82(6) 


6(2) 


0.008 


Any side effect 


147 (10.6) 


15(5.3) 


0.006 



Values are n (%). A value of P<0.05 is considered significant. 

were rash in 4 patients, diarrhea in 3 patients, and noncom- 
pliance in 1 patient. The incidence of stent thrombosis, 
cardiac events, and medication side effects at 1 -month 
follow-up is shown in Table 2. 

Discussion 

Rationale for Use of Clopidogrel After 
Stent Implantation 

Clopidogrel is a thienopyridine derivative that inhibits plate- 
let aggregation by inhibiting the binding of ADP to its platelet 
receptor, which leads to direct inhibition of the binding of 
fibrinogen to the glycoprotein Ilb/IIIa complex. 9 Although 
both ticlopidine and clopidogrel prevent platelet aggregation 
evoked by shear stress, experimental studies suggest that 
clopidogrel is more effective than either aspirin or ticlopidine 
in preventing the high-shear-stress- dependent coronary stent 
thrombosis J 0 Furthermore, clopidogrel has a favorable safety 
profile compared with ticlopidine, for which routine hemato- 
logical monitoring is mandatory to ensure early detection of 
potentially lethal hematological events. The incidence of 
neutropenia with ticlopidine is proportional to the duration of 
treatment (up to 2.4%), and it may resolve with drug 
cessation in most but not all cases. 5 Another serious side 
effect of ticlopidine is thrombotic thrombocytopenic purpura 
(TTP). A recent review 6 documented 60 cases of TTP among 
patients treated with ticlopidine, with an associated mortality 
rate of 33%, In this review, 12 patients developed TTP after 
receiving ticlopidine for <3 weeks after stent implantation. 
Other common but less morbid adverse effects reported to 
accompany ticlopidine use are gastrointestinal symptoms. 5 
Clopidogrel was developed because it did not show bone 
marrow toxicity in tissue culture and animal models. In the 
large CAPRIE trial, 7 the incidence of severe neutropenia with 
long-term use was only 0.05%, which was similar to the rate 
seen with aspirin (0.04%), In addition, the proportions of 
patients with severe rash and diarrhea while on clopidogrel in 
this trial were less than those reported with ticlopidine but 
twice as high as with aspirin. Therefore, the combination of a 
favorable safety profile and a proven experimental and 
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clinical antiplatelet effect make clopidogrel an attractive 
alternative to ticlopidine after coronary stent implantation. 

Clopidogrel: Administration and Clinical Impact 

The inhibition of platelet aggregation by clopidogrel is 
concentration dependent. 9 In this study, clopidogrel was 
administered as a loading dose of 300 mg, a dose that 
provides 80% platelet inhibition in 5 hours, 11 followed by 75 
mg PO daily for 4 weeks. Aspirin was added to clopidogrel 
because this drug has no effect on the cyclooxygenase 
pathway, and therefore, both agents may work synergisti- 
cally, as is the case with ticlopidine, 12 In this study, stent 
thrombosis occurred with similar frequency in the ticlopidine 
and clopidogrel groups (L5% versus 1.4%, P=NS). Simi- 
larly, there was no difference between the 2 groups in 
incidence of major adverse cardiac events at 1 -month 
follow-up (3,1% versus 2.4%, />=NS). 

With respect to side effects, neutropenia occurred in 4 
patients (0,3%) in the ticlopidine group but none of the 
patients in the clopidogrel group (0%). This rate of neutro- 
penia is similar to those in other stent trials in which 
ticlopidine was used for 4 weeks> 4 In this study, rash 
occurred significantly more often in the ticlopidine group 
despite the short duration of administration. The incidence of 
diarrhea was also slightly higher, but not statistically signif- 
icant. Overall, patients in the ticlopidine group were at twice 
the risk of having any side effect compared with patients 
receiving clopidogrel. 

Study Limitations 

First, this is a nonrandomized comparison between the 2 
pharmacological regimens. However, these regimens were 
used in a chronologically consecutive manner, an approach 
that eliminates the potential for operator bias in selecting one 
specific regimen over the other. Second, because the inci- 
dence of stent thrombosis with antiplatelet therapy is very 
low, a higher number of patients is necessary to establish 
equivalence between clopidogrel and ticlopidine. Therefore, a 
large randomized trial is needed to establish the validity of 
these data. 

Conclusions 

These data suggest that clopidogrel may be an effective 
pharmacological regimen after coronary stent implantation. 



Furthermore, the simpler dosing regimen and the absence of 
hematological toxicity make it a potential safe alternative to 
ticlopidine. 
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< Summary 

Background Many clinical trials have evaluated the benefit 
of long-term use of antiplatelet drugs In reducing the risk or 
clinical thrombotic events. Aspirin and ticlopidine have 
been shown to be effective, but both have potentially 
serious adverse effects. Clopidogrel, a new thienopyridine 
derivative similar to ticlopidine, is an inhibitor of platelet 
aggregation induced by adenosine diphosphate. 

Methods CAPRIE was a randomised, blinded, international 
trial designed to assess the relative efficacy of clopidogrel 
{75 mg once daily) and aspirin (325 mg once daily) in 
reducing the risK of a composite outcome cluster of 
ischaemic stroke, myocardial infarction, or vascular death; 
their relative safety was also assessed. The population 
studied comprised subgroups of patients with 
atherosclerotic vascular disease manifested as either 
recent ischaemic stroke, recent myocardial infarction, or 
symptomatic peripheral arterial disease. Patients were 
followed for 1 to 3 years. 

Findings 19 185 patients, with more than 6300 in each of 
the clinical subgroups, were recruited over 3 years, with a 
mean follow-up of V91 years. There were 1960 first events 
included in the outcome cluster on which an intention-to- 
treat analysis showed that patients treated with clopidogrel 
had an annual 5-32% risk of ischaemic stroke, myocardial 
infarction, or vascufar death compared with 5-83% with 
aspirin. These rates reflect a statistlcaly significant 
(p=Q-043) relative-risk reduction of 8*7% in favour of 
clopidogrel {95% CI 0 3-16 5). Corresponding ontreatment 
analysis yielded a relative-risk reduction of 9-4%. There were 
no major differences In terms of safety. Reported adverse 
experiences In the clopidogrel and aspirin groups Judged to 
be severe included rash (0-26% vsO-TG%), diarrhoea (0-23% 
vs 0-11%), upper gastrointestinal discomfort [0 97% vs 
1-22%), intracranial haemorrhage (033% vs 0-47%), and 
gastrointestinal haemorrhage (0-52% vs 0-72%), 
respectively, There were ten (0-10%) patients in the 
clopidogrel group with significant reductions in neutrophils 
(<1-2 x 10VL) and 16 (0*17%) in the aspirin group. 

Interpretation Long-term administration of clopidogrel to 
patients with atherosclerotic vascular disease is more 
effective than aspirin in reducing the combined risk of 
ischaemic stroke, myocardial infarction, or vascular death. 
The overall safety profile of clopidogrel is at least as good 
as that of medium-dose aspirin. 

Lancet 1996; 348: 1329-39 

*Study organisation given at end of paper 
Correspondence to: Professor M Gent, Clinical Trials Methodology 
Group. Hamilton Civic Hospitals Research Centre, 711 Concession 
Street. Hamilton, Ontario, Canada L8V 1C3 



Introduction 

There have been several randomised trials of antiplatelet 
drugs In patients with disorders in which platelet 
activation is involved. 1 Their purpose was to determine the 
extent of reduction In various subsequent risks; in 
particular, risks of ischaemic stroke, myocardial infarctlon r 
and death from vascular disease (vascular death) , Patients 
at increased risk of such outcomes included those with 
atherothrombotic disease such as transient ischaemic 
attacks or mild stroke, moderate or severe stroke, unstable 
angina, acute and remote myocardial Infarction, and 
atherosclerotic peripheral arterial disease," 

Interpretation of these studies has been inconsistent. 
Many investigators and practitioners apply the results 
from a particular subgroup of patients, such as those with 
transient Ischaemic attacks or mild stroke, only to patients 
with that disorder and not to patients with different 
atherothrombotic manifestations, although it is both 
clinically and biologically plausible to assume that similar 
treatment benefits would extend to them. There is 
evidence from the Antiplatelet Trialists' Collaboration to 
support a widespread effect." A meta-analysis of 142 
trials, including more than 73 000 high-risk patients in 
various disease categories, shows clearly that antiplatelet 
drugs reduce the incidence of a composite outcome of 
ischaemic stroke, myocardial infarction, and vascular 
death, the relative-odds reduction being 27%, which is 
consistent over a wide range of clinical manifestations as 
well as across subgroups of patients at varying risks within 
specific clinical subgroups. 

Both aspirin 3 -* and ticlopidine 3 * have been shown to be 
of benefit in placebo-controlled studies- Relative-risk 
reductions for the composite outcomes of stroke, 
myocardial infarction, or vascular death were 25% with 
aspirin and 33% with ticlopidine, In three studies in which 
aspirin was compared with ticlopidine, the odds reduction, 
while not statistically significant, favoured ticlopidine by 
10%. 3 However, both drugs have potentially serious 
adverse effects: gastrointestinal discomfort and bleeding 
with aspirin; 4 and bone-marrow depression, rash, and 
diarrhoea with ticlopidine, 8 

Clopidogrel (Plavix) is a new thienopyridtne derivative, 
chemically related to ticlopidine (figure 1). Its activity in 
animal models of thrombosis Is greater than that of 
ticlopidine.' Clopidogrel prevents arterial as well as venous 
thrombosis and reduces atherogenesis in several animal 
species." Clopidogrel blocks activation of platelets by 
adenosine diphosphate (ADP) by selectively and 
irreversibly inhibiting the binding of this agonist to its 
receptor on platelets, thereby affecting ADP-dependent 
activation of the GpIIb-IIla complex, the major receptor 
for fibrinogen present on the platelet surface. 3 - 10 In 
platelet-aggregation studies, clopidogrel, 75 mg once 
daily, produces inhibition of ADP-induced platelet 
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RsH Ticfopldlne 

R = C0 2 CH 3 Clopidogrel 

Figure 1 : Structure of ctopitfogrel and ticlopidine 

Clopidogrel is the (3) active enantiomer or a racemate. 

aggregation equivalent to that of ticlopidine, 250 mg twice 
daily. 

CAPRIE was a randomised clinical trial to assess the 
potential benefit of clopidogrel. compared with aspirin, In 
reducing the risk of ischaemic stroke, myocardial 
infarction, or vascular death in patients with recent 
ischaemic stroke, recent myocardial infarction, or 
peripheral arterial disease. 

Methods 

Protocol 

Patient eligibility Clinical evaluation had to establish the 
diagnosis of ischaemic stroke, myocardial infarction, or 
symptomatic atherosclerotic peripheral arterial disease. Inclusion 
and exclusion criteria are shown in tables I and 2. Eligible 
patients who gave informed consent were entered Into the study. 
Use of anticoagulants or antiplatelet drugs was discontinued 
before randomisation and thrombolytic treatment should not 
have been received within the previous 48 h. The study protocol 
was reviewed and approved by the Institutional review board or 
ethics committee of each of the participating centres. 
Treatment and rolfow*up Patients received blister packs 
containing either 75 mg tablets of clopidogrel plus aspirin placebo 
or 325 mg tablets of aspirin plus clopidogrel placebo. Patients 
were asked to take one of each tablet daily with their morning 
meal. We planned to recruit patients over 3 years with a further 
year of follow-up and that patients would receive study drugs for a 
maximum of 3 years and a minimum of I year. 

Baseline assessment recorded demographic information, the 
qualifying event or condition, medical history, general physical 
examination, and concomitant medications. Except In the early 
stages of the study, follow-up visits took place monthly for the 
first 4 months and every 4 months thereafter. At these visits, 
Information was collected on adverse events and use of study drug 
and concomitant medications , and blood was taken for 
haematologlcal and biochemical assessments by one of three 
central laboratories. Platelet aggregation testing was forbidden 
since the results might have revealed treatment allocation. 
Compliance with study drug was assessed by counting of returned 
tablets at follow-up visits. Patients were provided with a list of 
common over-the-counter aspirin -containing products and were 
Insructed to avoid them. 

Human safety data on clopidogrel were limited at the start of 
CAPRIE* so the initial follow-up schedule had weekly 
assessments of blood counts and 2-weekly assessments of 
biochemistry during the first 3 months. After 500 patients had 
been entered, a blinded review of these data by the Steering 
Committee did not show any cause for concern, so the frequency 
of these assessments was halved. After data had been collected on 
the first 1000 patients followed for 3 months, the Steering 
Committee received a report on these laboratory results prepared 
by the External Safety and Efficacy Monitoring Committee, 
classified by treatment A or B, on the basis of which the follow-up 
schedule was relaxed to that stated above. 

Alert values of less than 1»2X1QVL for neutrophils and less 
than 100X10VL for platelets were established, whereby 
investigators were to begin dally complete blood counts. Should 
the corresponding counts fall below CM5X10VL or 80X1 OVL, 



hctuemic strain* Focel neurological deficit ifcoly to bo of herothiombotlc 

(including retinal origin 

and lacunar infarction) Onset »1 week and < G months before randomisation 
Neurological signs persisting >1 week from stroke onset 
CT or MTU ruling out haemorrhag e or non-relevant disease 



Myocardial infarction Onset «35 days before rarvJonusatlon 
Two of: 

Characteristic Ischaemic pain for >20 mln 
Elevation of CK, CK-MB, LDH, or AST to 2x upper [frr.fl 
or labCHOtorj normal with no other explanation 
Development of new ;M0 Q waves in at [east two 
adjacent ECG leads or new dominant R wave In VI 
(Ri*1 mm > Sin VI) 



Atherosclerotic peripheral Intermittent claudication CWHO: leg pain on walking. 

arterial dl sease disappearing In <10 mln on standing) of presumed 

atherosclerotic origin: «tf ankle/arm systolic BP ratio 
< 0-85 In either leg at rest (two assessments on separate 
days); or history of Intermittent claudication with previous 
leg amputation, lecwtstnrcUve surgery, or angioplasty with 
no persisting: complications from Intervention 



CT-computed tomography; MTtl-magneUc resonance Imaging: CK-creatlne kinase; 
LDK=lactate dehydrogenase; AST ■aspartate aminotransferase; 
EW=e|eclrotardiogrBm; BP-btood pressure; WHO-World Health Organization. 

Table 1 : Inclusion criteria 



respectively, the study drug was to be permanently discontinued. 
Near the end of the study, all patients For whom a decrease to 
below the alert value had been reported were reviewed, blind to 
treatment allocation, by a hacmatologist to rule out laboratory 
errors, spoiled samples, and random fluctuations around an 
inherently low baseline. 

Adverse experiences of patients were recorded for the duration 
of their follow-up, except in those paUents who permanently 
discontinued study drug early; for these patients adverse 
experiences were counted up to 28 days after discontinuation. 
Outcome events Non-fatal events were ischaemic stroke, 
♦myocardial Infarction, primary Intracranial haemorrhage, and leg 
.amputation (table 3), Deaths were classified as due to ischaemic 
stroke, myocardial infarction, haemorrhage, other vascular 
causes, or non-vascular causes. The classification of fatal 
Ischaemic stroke or myocardial infarction was based on either 
death within 28 days after the onset of signs or symptoms of the 
acute outcome event. In the absence of other dear causes, or on 
necropsy findings. Other vascular deaths were any deaths that 
were not clearly non-vascular and did not meet the criteria for 
fatal stroke, fatal myocardial Infarction, or haemorrhage. Deaths 
considered by the Central Validation Committee to be directly 
related to the qualifying event were classified as'other vascular. 
Sample size We planned to recruit 15 000 patients, 5000 in each 
of the clinical subgroups, over 3 years and to terminate the study 



Age <21 years 

Severe cerebral delicti likely to read to patient being bedridden or demented 

Carotid endartorectorny after qualifying stroke 

Qualifying stroke Induced by carotid endarterectomy or angiography 

Pattern unlikely to be discharged altno after qualifying event 

Severe comorbidity likely io limit patient's life expectancy to Jess than 3 y 

UnconUoJIed hypertension 

Scheduled lor major surgery 

Contraindications to study drugs: 

Severe renat or hepatic insufficiency 

Haemostatic disorder or systemic bleeding 

History of haemostatic disorder or systemic bleeding 

History of thrombocytopenia or neutropenia 

History of (frog-induced haematologlc or hepatic abnormalities 

Known to have abnormal WBC, differential, or platelet count 

Anticipated requirement for long-tarn anticoagulants, nan-study antiplatelet drugs 

or NSAIDs affecting platelet function 

History of aspirin sensitivity 
Women of chlldbearing age not using reliable contraception 
Currently receiving Investigation drug 
Previously entered b other clopidogrel studies 

Geographic or other factors mating study participation Impractical 

WBC-whlte blood count: NSAlDs-non-steroldal anti-inflammatory drugs 
Table 2: Exclusion criteria 
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licbumk stroke Acute neurological vascular event wftb focal signs Tor >2A h 
inn a new location, without evidence of Intracranial 
haemorrhage 

ir worsening or previous event, must have lasted >1 week, 
or more thari24 h if accompanied by appropriate CI 
or MRl findings 

Myocardial infarction As for incljsion criteria (see table 1) 



PruniryTntraerajtial 



Leg aoputation 



InrjacerBbral haemorrhage [Including Intracranial and 
subarachnoid), and subdural haamatoma documented by 
appropriate netrolmaglng investigations. (Traumatic 
Intracranial haemorrhage wasrecorded bol not counted as 
outcome event) 

Only If above the enkle and not done for trauma or cancer, 
(subsequent amputations of a given Teg were not counted 
as outcome everts} 



For abbreviations, sea table 1. 

Table 3: Non-fatal outcome events 

after 1 further year of follow-up. If recruitment aver time was 
uniform, this sample would have resulted In a mean duration of 
potential follow-up of 2>33 years per patient and 
35 0D0 patient-years at risk. We assumed expected 3-year event 
rates would be 25% for the primary outcome cluster for patients 
entering the study with recent stroke or myocardial infarction and 
14% for patients entering with peripheral arterial disease. With a 
two-sided oLnrQ-05. the study was expected to have 90% power to 
detect an overall relative-risk reduction of 1 1*6%, based on an 
Intemion-to-treat analysis. If this were the true effect, the 
expected width of the corresponding 95% CI would be about 8%. 

Patient recruitment was achieved well ahead or schedule and 
15 ODD patients had been randomised after only 2 years and 3 
months. To stop recruitment at that time and close the study after 
1 further year of follow-up would have resulted in Jess than 
35 000 potential patient-years at risk. A blinded review of overall 
outcome event rates showed them to be lower than initial 
expectations. The Steering Committee decided to continue 
patient recruitment but to stagger recruitment closing dates and, 
hence, completion dates, 1 year later: recruitment of patients with 
peripheral arterial disease would finish 2 months before patients 
with myocardial Infarction who would finish 2 months before 
patients with stroke. The plan was expected to produce similar 
numbers of more than 6000 In each of the clinical subgroups and 
facilitate study closedown. A revised total of 40 000 potential 
patient-years at risk was expected and the revised estimate of 
relative-risk reduction that could be detected with 90% power 
would be 12-13%. 

Primary analysis of efficacy was based on the first occurrence of 
an event in the outcome cluster of Jschaemic stroke, myocardial 
infarction, or vascular death. A secondary outcome cluster 
included amputation and a further comparison was based on 
vascutar death only. Although the main focus was on events 
presumed to be due to atherosclerotic disease* primary 
Intracranial haemorrhage and fatal bleeds were possible adverse 
events, so these were included in an assessment of overall net 
benefit with the outcome cluster of any stroke, myocardial 
Infarction, or death from any cause. A fourth secondary analysis 
assessed all-cause mortality. 

Assessments of relative efficacy were based on a comparison 
between the two treatment groups of the cumulative risk over 
time of each of the five prespeclfled outcomes. Survival curves 
based on the proportion of patients remaining event-free were 
estimated by the Kaplan-Meier method" and compared by a two- 
stded Mantel-Haenszel test, 1 " 1 stratified by clinical subgroup. 

Two analytical strategies were planned: an Intention-to-treat 
analysis in which alt patients randomised were considered at risk 
to their planned end of study, irrespective or their compliance 
With study protocol, and an on-trcatment analysis In which a 
patient's time at risk was censored 28 days after early permanent 
discontinuation of study drug. In addition, to take into account 
any imbalances between the two treatment groups In baseline 
prognostic variables, analyses were repeated with adjustment 
procedures based on Cox's proportional hazards model." 



Primary analysis, however, was to be the unadjusted Intention- 
to-treat comparison based on the outcome cluster of ischaemlc 
stroke, myocardial Infarction, or vascular death. Similar analyses 
were carried out for each of the clinical subgroups. 

Safety assessments were based on the proportion of patients 
experiencing one or mare episodes of a specific adverse event. 
Such proportions in the two treatment groups were compared by 
X*test 

Patients tost to follow-up In May, 1996 (3 months after the end 
of the trial) a search agency was contracted by the Coordinating 
and Methods Centre to help trace patients who were lost to 
foliow-up. 

Study organisation 

The study involved 384 clinical centres from 16 countries and 
followed US Investigational New Drug regulations and European 
Good Clinical Practice guidelines, as well as local requirements. 
In order to make the most of expertise and resources of both 
researchers and the industrial backers of the trial, a complex 
organisation was created, 

The Steering Committee, comprising university-based and 
industry-based scientists, had overall responsibitty for the design, 
execution, analysis, and reporting of the study. This committee 
met every 6 months to address policy Issues and to monitor study 
execution and management. The Steering Committee has 
responsibility for ail publications resulting from the study. 

The Central Validation Committee was responsible for validating 
all reported non-fatal outcome events and reported classifications 
of cause of death, with a secretariat at the Coordinating and 
Methods Centre in Hamilton, Ontario. After an outcome event 
dossier was received, only the secretariat had any communication 
with the reporting Investigator about the validation of the event. 
The secretariat maintained a database of validated outcome 
events, a copy of which was not provided to the Industrial backers 
before the end of the study. 

Each reported outcome event was reviewed independently by 
two members of the* Central Validation Committee, Any 
disagreements between them were resolved by committee review, 
Committee disagreement with a reported outcome event was 
made known to the Investigator who could either agree with the 
Committee or provide additional information to support the 
initial judgment. When agreement could still not be reached, the 
decision of the Central Validation Committee was final. 

The External Safety and Efficacy Monitoring Committee had 
responsibllty for monitoring of patient safety and for formal 
Interim analyses of efficacy. This committee had an associated 
Independent Statistical Centre In Lyon, France, that received an up- 
dated copy of the study database every 3 months from the 
Coordinating and Methods Centre. Information on study-drug 
allocation was merged with study data and routine aggregate 
safely summaries produced. In addition to safety monitoring, 
there were to be three interim analyses of efficacy, based on the 
primary outcome cluster, when 25%, 50%, and 75% of the 
planned patient-years at risk had accumulated. Stopping 
guidelines used a Peto-Haybittle type rule based on the p value of 
the Mantel-Haenszel test A two-sided type 1 error of 0-001 was 
used which preserved a type 1 error of 0-Q48 for the end-of-study 
analysis. The results of interim analyses were to tie disclosed to 
the Chairman of the Steering Committee only if the stopping rule 
was met. The quarterly External Safety and Efficacy Monitoring 
Committee reports also included a futility stopping rule based on 
the current 95% CI on the relative-risk reduction far the primary 
outcome cluster; the upper end of the interval had to exceed a 
14% relative-risk reduction in favour of clopldogrel compared 
with aspirin, otherwise the Steering Committee had to be 
informed. After each quarterly review, a report was sent to the 
chairman of the Steering Committee stating only that there was 
no reason not to continue the trial as planned, 

The Coordinating and Methods Centre at Hamilton facilitated 
and oversaw the study and provided methodological and 
administrative support to all committees, Investigators, and Other 
study personnel. 
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Characteristic 






Stroke subgroup 




Ml subgroup 




PAD subgroup 




Cloptfogret 


Aspirin 


Cfopidogrei 


Aspirin 


Clopidogrej 


Aspirin 


CfopWogrel 


Aspirin 




tf-9599) 


{R-95S6) 


(n-3233) 


l>319fi) 


<n=3143) 


(n-3159) 


(n-3223) 


(n-3229) 


nfl*an |&uj age w years 


KX*i f*l1 .It 


62-5 111-1} 


$4-5 (11*2) 


54-7 fH-0) 


58-6 (11*4) 


58-3 (11-3] 


64 -Z 19*5} 


64*4 19-7) 


Xnale 


72 


72 


64 


53 


B1 


81 


73 


72 


% while 


95 


95 


91 


91 


96 


98 


98 


98 


Pejteiiuge ef patients with 


















■ history efc 


















Ischacmlc stroke* 


9 


9 


17 


19 


2 


2 


6 


6 


TIA/RIND 


10 


10 


19 


19 


3 


2 


8 


8 


Diabetes mellitus 


20 


£0 


26 


25 


14 


15 


21 


21 


Hypertension 


52 


51 


65 


65 


39 


38 


51 


' 51 


HjrpercholestwolBemia 


41 


41 


37 


38 


41 


42 


45 


45 


Angina (stable) 


22 


22 


14 


14 


25 


25 


25 


27 


Angina [unstable) 




9 


3 


3 


17 


17 


6 


6 


Mjocardfel Infarction* 


17 


16 


13 


11 


17 


17 


21 


21 


Congestive hear! failure 


6 


5 


4 


4 


7 


7 


B 


6 


CarClomegely 


5 


4 


6 


5 


4 


3 


4 


4 


Atilal fibrillation 


4 


4 


4 


4 


5 


5 


4 


4 


Intermittent claudication* 


5 


4 


8 


9 


6 


5 






Current cigarette smoker 


29 


30 


22 


22 


28 


29 


38 


38 


E* cigarette smoker 


49 


49 


43 


44 


51 


50 


53 


52 



•Mot including the quailing went; Myocardial infarction; PAD-oerJpheral arterial disease; Tf A* transient fcciiaemlc attack; RlNO-reirerstbte Ischaemlc neurological deficit. 
Table 4: Baseline characteristics 



Regional Data Collection Centres were at Hamilton, responsible 
for all the Canadian centres, and In affiliates of industrial 
backers — one in the USA and two in Europe. 

Assignment 

The Independent Statistical Centre provided computer-generated 
balanced blocks of four treatments with random allocation to 
clopldogrel or aspirin, stratified by clinical centre and the three 
disease subgroups. Access to this code was restricted to the 
Independent Statistical Centre, the Chairman of the External 
Safety and Efficacy Monitoring Committee, and to two 
independent companies responsible for preparing the study 
drugs. A copy of the randomisation scheme was deposited with a 
public notary. 

Blinding 

Patients were allocated study drugs sequentially from supplies at 
the clinical centre packaged in a predetermined order in a carton 
that contained supplies for four patients. These supplies were in 
the form of blister packs containing either 75 mg tablets of 
clopldogrel plus aspirin placebo tablets or 326 mg aspirin tablets 
plus clopldogrel placebo tablets, such blister packs being 
Indistinguishable from one another. The initial supply of study 
drug had a sealed treatment code label attached which once 
Opened could not be resealed In its original form; this was 
retained at the clinical centre for emergency code-breaking 
purposes. There were 21 (0-11%) code breaks during the course 
nf the study, of which 11 were patients in the clopldogrel group 
and ten In the aspirin group. At the close of the study, a 



Event type 


Clopldogrel 


Aspirin 


Total 


fan-fatal events 








Non-ralel Ischaemlc stroke 


472 


504 


976 


Kan-fatal Ml 


255 


301 


555 


Non-fetal primary ICH 


14 


24 


3B 


Amputation 


52 


47 


99 


Paul events 








Fatal lschaemic strolte 


37 


42 


79 


Fatal Ml 


53 


75 


128 


Haemonhaglc death 


23 


27 


5£> 


Other vascular death 


260 


261 


521 


Non-vascular death 


187 


165 


353 


Total 


1353 


1447 


2800 



MI=myocartilBl Infarction; ICH-lnt/acranlal haemorrhage. 
Table 5: Validated events 



representative sample of 3358 code-break labels were retrieved 
and the Independent Statistical Centre verified that there were no 
code-break labels opened other than those previously reported to 



Analysis 

At the end of the study, the Coordinating and Methods Centre 
provided a cpy of the final study database to the Independent 
Statistical Centre which, in turn, provided a copy of the 
randomisation code to the Coordinating and Methods Centre. 
The Independent Statistical Centre then carried out the primary 
analysis and four secondary analyses to verify the corresponding 
analyses conducted by the Coordinating and Methods Centre* A 
copy of the randomisation scheme was not provided to the 
industrial backers until after the Steering Committee had met to 
be appraised of the findings from the study. 



Registered or eligible patients (n ■ unknown) 



Not randomised [n = unknown) 



Randomised 



Received clopldogrel 
as allocated (n = 9553) 

Did not receive clopldogrel 
as allocated {n = 46) 



Received aspirin 
as allocated (n - 9546) 

Did not receive aspirin 
as allocated (n - 40} 



Followed up (n = 9599) 
Timing of primary and 
secondary outcomes: 
as they occurred 



Followed up (n = 9586) 
Timing of primary and 
secondary outcomes: 
as they occurred 



Withdrawn (n = O] 
Lost to follow-up ( n - 22) 



Withdrawn (n-0) 
Lost to follow-up ( n = 20) 



Completed trial [n = 9577) 



Completed trial {n = 9566) 



Figure 2: Participant progress through trial 
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Outcome artnt cluster and treatment group 


First outcome events 




Event rite 


Relative* sk 


P 




Non-ratal 


Fatal 


Total 


poryear 


reduction («% CI) 




Istftaecnic stroke* Ml r or vascular death (primary cluster) 
Cloplitogrel (irjfrs=17636') 
Aspirin (nyi S -17S19J 


631 
700 


308 
321 


939 
1021 


5-32% 
5-33* 


B-?fcl0-3 tOlo-SJ 




Ischaemic stroke, Ml r amputation, or vascular death 
Clopidogrel {nyrs*17594) 
Aspirin [nyrs-1 


677 
737 


302 
314 


979 
1051 


5- 56% 

6- 01% 


7-6% {-OB 10 15-3) 


0076 


Vascular death 
ClopHtoflrel |rt)ris*17482) 
Aspirin [nyis-18354) 




350 
378 


350 
378 


1-90% 
246K 


7-6% (-5-9 10 20-1) 


0-29 


Anyt stroke, Ml, or death from any tauso 
Clopidogrel Jnjrs=17622) 
Aspirin tnyts-17501) 


643 
720 


490 
467 


1133 
1207 


6*fl3% 
6-90% 


7-0% (-0*9 1014-2) 


0-081 


Death from any causa 
Clopidogrel (nyt3«lB377) 
Aspirin. (rr/rs-18354) 




560 
571 


560 
571 


3-05% 
3-11% 


2*2% (-9 9 10 12-9] 


&71 



'Patient-Years at risk for outcome cluster; llnctudos primary EnlraeratfoJ hemorrhage; M [-myocardial Infarction, 



Table 6: Intention-to-treat analysis— primary and secondary outcome clusters 



Results 

Participants and follow-up 

19 185 patients from 384 clinical centres were randomised 
between March, 1992. and February, 1995. Patient 
follow-up was completed by February, 1996, resulting in 
36 731 patient-years at risk. Mean duration of follow-up 
was 1-91 years. 

During the study, 42 patients (0-22%) were lost to 
follow-up, 22 in the clopfdogrel group and 20 in the 
aspirin group (figure 2) ; the resulting loss in total patient- 
years at risk was 49 (0-13%). These 42 patients were 
Included in the analyses with their follow-up censored at 
the time of last contact. 

4059 patients (2 1*296) had study o*rug permanently 
discontinued early, for reasons other than the occurrence 
of an outcome event; 21-3% in the clopidogrel and 21-1% 
in the aspirin group. Reasons for stopping study drug early 
were similar in the two groups: adverse events (11496); 
withdrawn consent (4*7%); contraindicated medications 
(2-4%); non-compliance (1-8%); and other (0*8%). Mean 
follow-up while on study drug was 1-63 years for each 
treatment group. 

With exclusion of follow-up after any early permanent 
discontinuation of study drug, mean compliance with 
clopidogrel and aspirin was similar at 91%. 46 patients in 
the clopidogrel group and 40 in the aspirin group never 
took any study drug. 



whom 158 and 182, respectively, had more than one 
event. 

The primary analysis of efficacy was by intention-to- 
treat and based on the incidence of the first occurrence of 
ischaemic stroke, myocardial infarction, or vascular death 
among all patients randomised. There were 939 events in 
the clopidogrel group during 17 636 patient-years at risk, 
an average rate per year of 5*32%. There were 1021 events 
in the aspirin group during 17 519 patient-years at risk, an 
average rate per year of 5-83%. Relative-risk reduction, 
estimated from a Cox proportional-hazard model, was 
8-7% (95% CI 03-16*5) in favour of clopidogrel 
(p=0*043, table 6). The cumulative proportions of 
patients who experienced an event in this primary 
outcome cluster over 3 years are shown in figure 3, 

Results of the analyses of the four predefined secondary 
outcome clusters are also shown in table 6. The estimated 
relative-risk reductions with clopidogrel were consistently 
7% to 8% when the outcomes were predominantly 
vascular events but the relative-risk reduction was smaller 
for all-cause mortality, of which 36% was non-vascular. 

Estimated treatment effects for both the primary and 
secondary outcome clusters remained virtually unchanged 
when adjusted for relevant prognostic baseline variables. 

Main baseline characteristics for each of the subgroups 
are shown In table 4. Patients In the ischaemic stroke and 
peripheral arterial disease groups were similar in age and 6 



Analysis 

Baseline characteristics of randomised patients are shown 
in table 4. The treatment groups were well matched with 
respect to age, sex, race, and cardiovascular risk factors. 
After randomisation, 16 patients, ten in the clopidogrel 
group and six in the aspirin group, were found not to have 
the qualifying disease; most were entered as having 
Ischaemic stroke but were subsequently found to be 
misdiagnosed, (eg, as multiple sclerosis or primary 
intracranial haemorrhage). The study drug was terminated 
within 4 months of randomisation for 13 of these patients 
but the other three patients were continued on study drug; 
all 16 continued to be followed as per protocol and 
included in the analyses. 

There were 2800 validated outcome events, of which 
1669 were non-fatal and 1 131 were fatal (table 5). There 
were 1171 patients in the clopidogrel group and 1236 
patients in the aspirin group who had an outcome event of 



20-, 



3? 15- 



10- 



0 J 



Aspirin,, 



' Clopidogrel 



p« 0.043 



0 3 6 9 12 15 18 21 24 27 30 33 36 
Time since randomisation (months) 

Patients A: 9586 9190 8087 6139 3979 2143 542 
at risk C: 9599 9247 8131 6160 4053 2170 539 

Figure 3: Cumulative risk of Ischaemic stroke, myocardial 
Infarction, or vascular death 

Attaspiriri' OcfopidogreL 
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Subgroup and treatment 
group 


Inderal 

Nonfatal 


Fatal 


Mil 

Ml 

ml 

Kan-ratal 


Fatal 


Other 
vascular 
— death 


Total 


EvbjiI rain 
per year 


Ftotathre- 
risk 

redaction 
(95XCI) 


P 


Strata 


• 


















Cropldogret Cftjrs-6054*) 


29B 


17 


33 1 


11 


74 


433 


7-15% 


7*3* 


0<26 


















[-5-7 to 18 7) 




Aspktn |nyrs*5979) 


322 


16 


37 


14 


72 


461 


7-7 IX 






Ml 

Clopidogrel (nyrs-5787J 


37 


5 , 


143 


20 


£6 


291 


5-0396 


-3796 


0*66 
















t-22-1 101201 




Aspirin (nyf£«5B43) 


34 


8 


152 


22 


67 


263 


4*8496 






PAD 




















ClopidogreT (nyrs=5795) 


70 


11 


50 


T8 


66 


215 


3*71% 


23*6* 


00026 
















(8.910 36-2) 




AspVfn |n>rs-S7&7) 


74 


a 


81 


27 


87 


277 


4*8696 






Alt patient* 

Clopidogrel (rgrs-17636) 
Aspirin tnyrs-17519) 


405 
430 


33 
32 


Z2S 
270 


49 
63 


226 
226 


939 
1021 


5-32% 
5*83% 


B-7V 

[0-3 W 16-5) 


D-043 



4 Potlerrt years otrlsfc. Ml -myocardial infarction: PAD -peripheral arterial disease. 

Table 7: Treatment effect by subgroup— ischaemlc stroke. Ml, or vascular death 



years older on average than those in the myocardial 
infarction group, and there were differences in the 
proportion of men across the three clinical subgroups. 
Previous history of vascular events and vascular risk 
factors show that there was an overlap in the three clinical 
subgroups. For example, 12% of the stroke subgroup and 
8% peripheral arterial disease reported a history of 
myocardial infarction. 2% of the younger myocardial 
infarction subgroup reported previous stroke and 6% 
peripheral arterial- disease. 6% of the peripheral arterial 
disease group had experienced a previous stroke and 2 1% 
a previous myocardial infarction. About 18% of the stroke- 
subgroup had experienced at least one additional stroke 
before their qualifying event; similarly the qualifying 
myocardial infarction was not their first for 17% of the 
myocardial infarction subgroup. 50% of the study cohort 
had a history of hypertension, 25% had a history of 
angina, and 20% had diabetes mellitus. 

For the ischaemlc stroke group, mean time from stroke 
onset to randomisation was 53 days; 59% of qualifying 
events were atherothrombotlc and 40% lucunar. For the 
myocardial infarction group, mean time from onset of 
symptoms to randomisation was 17-6 days. 34% of the 
qualifying events were anterior and 57% were inferior. For 
the peripheral arterial disease group, mean duration of 
symptomatic disease before randomisation was 4*2 years 
and 63% were eligible on the basis of arterial intervention. 
For those qualifying on the basis of current claudication, 
the mean ankle/arm blood pressure ratio at entry was 0-57, 
These baseline characteristics were similar between the 
two treatment groups. 

Analyses based on the primary outcome cluster of 
Ischaemlc stroke, myocardial infarction, or vascular death 
are summarised for each of the clinical subgroups in table 
7, which also shows the type of first, outcome event. 
Within this primary cluster of ischaemlc events, recurrent 
stroke and stroke deaths were most common within the 
stroke subgroup and fatal or non-fatal myocardial 
infarctions most common in the myocardial infarction 
subgroup. Patients with peripheral arterial disease had 
approximately equal risks of stroke., and myocardial 
infarction. 



For patients with stroke, the average event rate per year 
in the clopidogrel group was 7*15% compared with 7-71% 
in the aspirin group, a relative-risk reduction of 7-3% 
(-5-7 to 18-7) in favour of clopidogrel (p=Q-26). For 
patients with myocardial Infarction, the average event rate 
per year was 5*03% in the clopidogrel group compared 
with 4-84% in the aspirin group; a relative-risk Increase of ■ 
3-7% (22-1 to -12-0) associated with clopidogrel 
(p=0-66). For patients with peripheral arterial disease, the 
average event rate per year in the clopidogrel group was 
3*71% compared with 4-86% in the aspirin group; a 
relative-risk reduction of 23-8% (8-9 to 36-2) in favour of 
clopidogrel (p=0-002$) (8gure4), 

A test of heterogeneity of these three treatment effects, 
was statistically significant (psO-042), suggesting that the 
true benefit may not be identical across the three clinical 
subgroups. 

Relative-risk reduction {%) 

Stroke 



Ml 



PAD 



AH patients 



-40 



I I 
-30 -20 
Aspirin better 



-i- - 
-10 



i 1 1 

10 20 30 
Clopidogrel better 



— i 

40 



Figure 4: Relative-risk reduction and 3S% CI by disease 
subgroup 

Ml-myocardial infarction: PAD- peripheral arterial c 
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Patient and treatment subgroup 


Ischtmle stroke, Ml, 


ReUtfeetfefc 




orviseutar 


death 


reduction 




Events 


ftate/yr 


(9555 CI) 


PAD/strofce wUh ptwious Ml (n=2t44*) 








CloptdogreI|nyrs-1963t> 


164 


fl-35% 


22-7% 








(4 9 to 37 -2] 


Aspirin [njrs»lS25) 


196 


10-74% 




Any previous Ml <n=8446) 








Clopidogrel |n^r5-7751J 


455 


5-87% 








l-5-2tOlS.B) 


Aspirin |nyrs-7668J 


479 


6-25% 





PAD*peripheraJ arteiial disease; MI«mjocwdja| Infarction; "Number of patients; 
tNumber of patleiH yeais at fish 

Table 8: Treatment effects of patients with a history of Ml 



Corresponding estimates of treatment effects based on 
the on-treatment analysis (while on study drug or within 
28 days of early permanent discontinuation) were also 
made. Most of the on-treatment analyses yielded slightly 
Increased treatment effects. In particular, the relative-risk 
reduction of 8-7% on the primary outcome cluster 
Increased to 9-4% in on-treatment analysts. 

The lack of observed benefit of clopidogrel over aspirin 
in the myocardial infarction subgroup and the evidence of 
possible heterogeneity of treatment effect among the 
clinical subgroups prompted a single additional analysis. 

There were 2144 patients in the Ischaemlc stroke and 
peripheral arterial disease groups with a previous history of 
myocardial infarction. For the primary outcome cluster of 
Ischaemlc stroke, myocardial infarction, or vascular death, 
the average event rate per year in the clopidogrel group 
was 8-35% compared with 10*74% in the aspirin group, a 
. relative-risk reduction of 22. 7% (4*9-37*3) in favour of 
clopidogrel (table 8). When this group with a history of 
myocardial infarction is combined with the myocardial 
infarction (qualifying event) subgroup, the overall relative- 
risk reduction in favour of clopidogrel becomes 7-4% 
(-5*2 to 18-6). 

There was no evidence of any unusual findings of 
adverse effects in either treatment group. Table 9 shows 
the proportion of patients ever reporting adverse 
experiences, those Judged by the investigator to be 
clinically severe, and those which were sufficient to result 
In early permanent discontinuation of study drug. Liver 
function was monitored routinely, given the experimental 
stage of clopidogrel; no treatment-related effect was seen. 
The frequency of severe rash was higher with clopidogrel 
than with aspirin (p=0'Q17) as was the frequency of severe 
diarrhoea (p«0'080). More frequent with aspirin were 
severe upper gastrointestinal discomfort (p=0*096). 
Intracranial haemorrhage (p=D>23), and gastrointestinal 
haemorrhage (p=0-05). There were also more patients 
with validated non-fatal primary intracranial haemorrhage 
or haemorrhagic death in the aspirin group, (51 [0*53%] 
vs 37 [0-39%]). There were no clinically significant 



changes over time in the various laboratory measures, in 
particular for plasma cholesterol concentrations. 

The independent blinded haematological review found 
the number of cases below the platelet-alert value was 25 
(0-26%) in the clopidogrel group and 25 (0-26%) in the 
aspirin group; the numbers for low neutrophil counts were 
ten (0-10%) and 16 (0-17%). Among these latter cases, 
the neutrophil count fell below 0-45X10VL for five 
(0-05%) and four (0-04%) patients in the clopidogrel and 
aspirin groups, respectively. 

Discussion 

CAPR1E is the first study of an antiplatelet drug to include 
patients from the clinical subgroups of ischaemlc 
cerebrovascular, cardiac, and peripheral arterial disease 
under a common protocol. We reasoned from available 
evidence that in a study on prevention, separations within 
and amongst clinical subgroups are not necessary because 
the underlying condition is atherothrombosis which can 
become clinically manifest In different ways. This 
approach can be justified by the common aetiology 
because many patients have experienced one 
manifestation when they present to medical attention with 
another; because of the consistency of the effect of 
antiplatelet drugs across clinical subgroups; and because 
in necropsy studies, many patients who have 
atherosclerosis in one part of the body are found to have it 
in others. 

CAPRIE was powered to detect a realistic treatment 
effect In the whole study cohort but not in each of the 
three clinical subgroups. The Intention-to-treat analysis of 
the primary outcome cluster showed an overall relative- 
risk reduction of 8-7% (p^O-043), with 95% CI of 
0-3- 16-5. When the corresponding subgroup analyses 
were carried out separately for the ischaemlc stroke, 
myocardial infarction, and peripheral arterial disease 
subgroups, the estimated relative-risk reductions were 
7-3%. -3-7%, and 23-8%, respectively. A test for 
heterogeneity was significant (p«0*042) suggesting that 
the observed differences in these relative treatment effects 
were greater than might be due to chance. From these 
observed treatment effects, the possibility cannot be ruled 
out entirely ' that clopidogrel and aspirin are only 
equivalent in benefit in patients presenting with 
myocardial Infarction or that the benefit of clopidogrel 
over aspirin is truly much greater in patients with 
peripheral arterial disease. 

To help interpret the apparently discrepant finding in 
the myocardial infarction subgroup, an additional analysis, 
not specified In the protocol, was considered relevant 
because aspirin has similar benefits in preventing major 
ischaemlc events in patients with acute myocardial 
infarction and in those with a remote history of myocardial 
infarction.* There were 2144 patients in the stroke and 
peripheral arterial disease groups who had a distant past 



Adverse experience 


Patients ever reporting 








Study drug permanently discontinued 


Clopfdogrel 


Aspirin 


Clopidogrel 


Aspirin 


Clopidogrel 


Aspirin 


Rash 


578 (G 02%) 


442(4-61%)* 


25 (026%) 


10(0-10%)* 


86 (O90X) 


39 (041|* 


Diarrhoea 


428 (4,45%) 


322 (3.36%)* 


22 (0-23*) 


11 (0-11%) 


40(0-4254] 


25 (0-27%) 


Indigestion/ nausea/vomiting 


1441 (1501%) 


1566 (17-59%)' 


93 (0-97%) 


118 0-23%) 


132(V9Q*1 


231 (2 41%)* 


Arty bleeding disorder 


890(927%) 


B90 0-Z8X) 


132 (1-38%) 


149 (1-55%) 


115(1-20%) 


131 (1-37%) 


Intracranial haemorrhage 


34 (0-35%) 


47 (<M9*| 


30 (0-31%) 


41 |0<3%) 


20(0-21%) 


32 (Q-33%) 


Gastrointestinal haemoiriiajc 


191 {1-99%J 


255 (2-S6XI" 


47 (0-4S%) 


58 10-71%)* 


50 (0-52%) 


89 (0-93%)* 


Abnormal liver /unction 


285 {2-97%) 


302 (3-1556)* 


11 (0-11%) 


9 10-09%) 


22 (0-23%) 


23 (0*29%) 



'Statistical significant, p<0O5. 



Table 9: Adverse experiences (number and percentage of patients) 
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history of myocardial infarction. When this cohort was 
combined with the 6302 patients who presented with 
myocardial infarction as the qualifying event, the overall 
relative-risk reduction was 7-4% (-5-2 to 18-6) in favour 
of clopidogrel, consistent with the observed benefit in the 
rest of the CAPR1E cohort. 

The Antiplatelet Trialists Collaboration provides strong 
evidence that long-term use of antiplatelet drugs results in 
a relative-risk reduction in ischaemic stroke, myocardial 
infarction, or vascular death, which is consistent across 
these three clinical subgroups. 9 Given this finding and the 
additional analysis, we judge that the weak evidence of 
heterogeneity does not invalidate the underlying concept 
in CAPRIE, 

The observed 3-year event rates in the aspirin group for 
the stroke and peripheral arterial disease subgroups were 
close to those postulated at the start but were lower in the 
myocardial infarction subgroup (13 vs25%). The reasons 
for this are not clear. It is possible that patient selection 
was InHuenced by competing trials in acute myocardial 
infarction or by investigators keeping those patients with 
larger infarcts out of this trial in order to give open-label 
aspirin or anticoagulants. The lower rate may also be due 
to recent improvements in acute management of patients. 

Bias resulting from study execution is unlikely since the 
blinding was well maintained, the numbers of patients lost 
to follow-up and treatment code breaks at the clinical 
centres were small, and the rate of early permanent 
discontinuation of study drug was lower than reported in 
similar studies. The central validation of all reported 
outcome events provided a consistent assessment and 
should enhance the credibility of the efficacy findings. 

Bleeding is a complication of antiplatelet treatment. 4 
Reported severe bleeding was more common with aspirin, 
with the difference in severe gastrointestinal bleeding 
being statistically significant. Non-fatal primary 
intracranial haemorrhage and haemorrhagic deaths were 
predefined outcome events that could possibly be caused 
by study drug. These were less frequent in the clopidogrel 
group (0 39%) than In the aspirin group (0-53%). 

Clopidogrel is a thienopyridine derivative, as is 
ticlopidine. Ticlopidine is known to cause neutropenia 
(neutrophils less than 1-2X10VL) for which the reported 
rate of occurrence is about 2-4% and severe neutropenia 
(less than 0-45X10VL) for which the reported frequency is 
0*8%. c In CAPRIE, there was no excess neutropenia in the 
clopidogrel group. The observed frequency of neutropenia 
was 0-10% with clopidogrel and 0-17% with asprin; for 
severe neutropenia, the corresponding rates were 0*05% 
and 0*04%. The proportions of patients with severe rash 
and diarrhoea while on clopidogrel were less than those 
reported with ticlopidine but twice as high as with aspirin. 
Although these latter two differences between clopidogrel 
and aspirin are statistically significant, the absolute 
difference of about 0*1% is unlikely to be clinically 
important, and is balanced by the extent of upper 
gastrointestinal discomfort with aspirin. 

Clopidogrel provides an additional 8 7% relative-risk 
reduction over and above the 25% reduction accepted to 
be provided by aspirin. Thus, in a patient population 
similar to that In CAPRIE, aspirin would be expected to 
prevent about 19 major clinical events versus 24 with 
clopidogrel, for each 1000 patients treated for 1 year. The 
efficacy results from CAPRIE are consistent with the 
previous findings with ticolopidlne and indicate that 
thienopyrldines have a greater benefit than aspirin In 



patients with atherothrombotic disease, confirming the 
importance of the ADP pathway, compared with the 
thromboxane pathway, in this disease. This benefit was 
achieved with no evidence of excess neutropenia, a risk of 
clinically relevant bleeding less than that with 325 mg 
aspirin per day, and no other toxicity of concern. 

Clopidogrel is at least as safe as medium-dose aspirin 
and is safer than ticlopidine. Given this favourable 
efficacy/safety ratio, clopidogrel is an effective new 
antiplatelet agent for use In atherothrombotic disease. 
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JHoek 

Operational Group and RDCCs: M O Besnler, A Boddy. D Brooker, 
G Dcrzko, A Jones, C Metzinger, J Novack, S Pratt, D Roomc. 
] P ScbulhoC E Vallee. D Valtier. 

National Medical Monitors: E Bastlda, L Coy* R Creek, G Destelle, 
T DBberl, N de la Forest-Dlvonne, V Gallo, A Garcia, B Gcudelln, 
F Hundt, R Hylkema, P Vanhovc. 

Regional Monitors: N Amalfltano, K Cabala, J Caniglia, 1 Duval, 
L Forgle. A C Nelss. T Wesscllng, 

Collaborating Clinical Centres listed by country in order of number of 
patients enrolled. 

USA (4323): Dartmouth-Hitchcock Medical Center, Lebanon 0 F Plchn, 
S J Kennedy, R M Zwolak, A Reeves, M D McDantel, G J MacDonald, 
C Murphy. P S Howes, L K Cornell, M L Hynes: 254): University or 
California, San Diego (C M Jackson, P D Lyden, J F Rothrock, R J Hye. 
H C Dittrlch. N M Kelly, C M Kenridge: 148); North Country Neurology 
Associates, Oceanslde (J Chippendale, M Lobalz, E Diamond, J Schlrn, 
M SadofT; 124): St John's Mercy Medical Center. St Louis (W Logan, 
A Auer. W Hamilton, R Frere, S Schroer, M Wilcox, C Nacgen 122); 
Virginia Common Wealth University, Richmond (J W Harbison, 
R Makhoul, J R Taylor, W L Fellon III, H M Lee. X Massey-Makhoul: 
] 16): Watson Clinic, Lakeland (K F Browne, G S Tyson, E Pineiro, 
A S Brenner, R A Ford, P J Reddy. P Owens: 108): Si Joseph Mercy 
Hospital, Pontiac Q Helnslmer. K Rfchter, K Markowsk),T LenUnl, 
L Howell: 107); NISUS Research, Inc , Petoskey (H T Colfer. 
D J Rynbrandt. C D Wendt M Wllraat. B Stone: 95); Marshall 
University, Huntington (RTouchon, D Briley. LAdkJns.KRoe. 
C Harless: 92): Spokane Heart Research Foundation (M A DeWood, 
J A Skldmore, J M Randall: 92): Minneapolis Veterans Affairs Medical 
Center Q Davenport, C Farmer, S Hanson: 87); Lovelace Health Systems, 
Albuquerque (L C Kuo, P Brown, J Des)ardins, N Halpern, W Talbot; 
83); St Elizabeth Medical Center. Boston (R Schalnreld, K Rosenfleld. 
J M Isber, E Grail; 83); Florida Heart Group. P A , Orlando (S Lanza, 
P A Walker. R J Ivanhoe. M R Milunskl: 82); Christ Hospital, CtaclnnaU 
(D J Kerelakes, C W Abbottsmith. D A Lausten: 75); University or 
Illinois, Chicago (C M Hefgason, V Glover, T Gnutek: 74): Oregon 
Stroke Center, Portland (W M Clark, B M CouH, E Harrison: 70): St Paul 
Ramsey Medical Center 0 T Suh. J W McBrlde, B Foster K Vlttum, 
N Y Lauen 69): Palo Alto (B T Adornato, M K Adomato: 66); University 
or Southern California, Los Angeles (M Fisher, S F Amerlso, A Scfdi: 
65); University or Michigan VAMC, Ann Arbor (M R Starling, 
j A Petrusha, W H Devlin: 61); Lovelace Health Systems, Albuquerque 
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(C C Suter. J Tuccl. S H Stewart: 59): Palm Beach Neurological Group, 
West Palm Beach (C Sadowsky. R Stone, M Tuchman: 59): Tews Heart 
Institute, Houston {£ K Mas sin, H V Anderson, M Harlan: SB); 
University or New Mexico School of Medicine, Albuquerque (J Abrams. 
C Timm, G Rosenberg: 58): University of Colorado Health Sciences 
Center, Denver (W R Hlatt, J G Rcgenslelner, T Bauer; 56); Barrow 
Neurological Institute, Phoenix 0 L Frey. C Darbonne, L Marlor: 55): 
University ofNebrasko Medical Center, Omaha (W D Haire. 
L C Stephens, G D Kotulak: 54); Chalmette Medical Center (B Ileld, 
A VanderStappen. V Neuman: 52): Baylor College or Medicine, Houston 
(N Klelman, L Bushman. A Fischer: $2) ; Oregon Strode Center, Portland 
(W M Clark. E Harrison, H Moon: 50); University orMlnnesota, 
Minneapolis (A C Klassen, MES Berman: 50); Northwestern University, 
Chicago (R Suflt. J Bllter 49) Cleveland CUnlc Foundation 0 W OUn. 
C A PJreada: 49); BufTalo V A Medical Center (L A Hcrshey, K Burch, 
K Eschberger: 4 8) ; Lehigh Valley Hospital, Allenlown fj Castaldo. 
D Jenny, C Wohlberg: 46); Baptist Memorial Hospital, Memphis 
(K Caines, C Cape: 44); Columbia Metro West Medical Center, 
Frammgham (S K Guput, R A Landa, S R Norcross: 43); V A Medical 
Cenler, Syracuse (A Culebras. D C Pastor: 43); Jeants Hospital, 
Philadelphia (R M Fairman, S Zakulec: 42); Cleveland Clinic Foundation 
0 M Sutton, T MeCullough: 42); University of Arizona College of 
Medicine. Tucson (F E Fensler. W M Felnberg: 42); GeronTech, Hot 
Springs (R G Pellegrino, C JelTcrs: 42); Louisiana Cardiovascular 
Research Center, New Orleans (W B Smith, R Vargas, T McCormlck: 
41); Henry Ford Health Science Center, Detroit {N M Ramadan, 
S R Levlne: 41); University of Minnesota. Minneapolis (A T Hlrsch: 41); 
George Washington University Medical Center, Washington 
(A G Wasscrman. A Nys; 41); Lahey-Hitchcock Medical Cenler, 
Burlington P J Breslln, S B Labfb, G Woodhead: 40); Olympla Fields 
Osteopathic Hospital and Medical Center (T M Malzura, S Dunlap: 40): 
Cardiovascular Medical Associates, Mlneola (M A Goodman, J CappelU, 
P Stein: 3d); Denver Health Medical Center (K Nadamanee, 
E Havranek, J Weinberger: 38): Albany Medical College (N S Lava, 
S Horowitz: 37); Mercy General Hospital, Sacramento 0 Byer, 
D Wentworth; 37): University of Missouri, Columbia 0 D Dexler. 
A Bonnelt: 36); Medical College or Virginia Hospitals. Richmond 
(G W Vetrovcc, R P O'Brien: 36); Rhode Island Hospital, Brown 
University, Providence QD Easton, J L Wllterdink: 34); Southern Illinois 
University. Springfield (D A Gelber, S Hemberger: 33): University of 
Texas Health Sctonce Center al San Antonio (D Sherman, D Rogers: 31); 
Duke University Medical Center, Durham (M J Alberts, C McClenny: 
31); Presbyterian Hospital, Charlotte (K D Weeks. D Whlsnam: 3D); 
Colombia Metro West Medical Cenler, Framlngham 0 D'Atton, 
H Doollttle: 29); New York University Medical Center (K A Siller, 
W K Hass: 29); William Beaumont Hospital, Royal Oak (C Crines. 
G Timmls: 29) ; Rush Medical Center Center for Stroke Research, 
Chicago (P B Gorclick, D Robinson: 28): Emory University, Atlanta 
(A B Lumsden, J MacDonald: 27); University of Colorado Stroke Project, 
Denver (R L Hughes, V Noonan: 27); Moss Rehab Hospital, Philadelphia 
(G Goldberg, R Coslello: 27); Crelghton Cardiac Center, Omaha 
(5 Mohluddin, L Stengel: 26); Emory University, Atlanta (M R Frankel, 
J Bralmah; 26): Brlgham and Women's Hospital, Boston (M A Creager, 
P Baum: 23); Stanford University Q P Cooke. A Ma: 23); Boston 
University School of Medicine CV LBabiklan, MA O'Neal: 22); Cooper 
Hospital University Medical Center, Camden (T Mlrsen, C Bruegel; 21); 
Boston Medical Center 0 D Coflman: 20): Mclhodlst Hospllal of 
Indiana, Indianapolis (D C Brlndley. M Mick; 20); UCLA, Los Angeles 
{S G Korenman: 18) ; Yale University School of Medicine, New Haven 
(L M Brass: 18); Neurological Associates, Boise {SWAshcr: 15);Mount 
Sinai Medical Center, New York fl L Halperin: 15); Graduate Cardiology 
Consultants, Inc , Philadelphia (R Sehlesinger: 15); Rochester General 
Hospital (G M Gacloch: 14) ; University of Oklahoma Health Science 
Center fj R Couch. Jr : 1 1); Graduate Hospital, Philadelphia 
(B E Skolnlck: 1 1); University of Illinois at Chicago (M S Ware: 9); 
Doctors 1 Clinic, Vero Beach (J Anderson: 7) r University of Pittsburgh 
(L Knepper: 5); Cardiology Consultants of Philadelphia (M VJclor: 4); 
University of Massachusetts Medical Center, Worcester (S Ball: 4); 
University or Kentucky Medical Center, Lexington (J C Gurley: 4); 
Philadelphia Heart Institute CM Jessup: 3); USC School orMedlclne, 
Los Angeles (U Elkayam: 1). 

Canada (3402): Kawartha Cardiology Clinic, Peterborough 

(W G Hughes, J A Frascr, E A Polvln, J McMillan, J Grlerson, 

N Hartwlck, S Musclow. A Thompson, J Mewett. R Sivan; 482); 

Hamilton Civic Hospitals, General Division (A G G Turpie, S Morino. 

M Sigucnza: 141); Sunnybrook Health Science Centre, Nonh York 

J A Blakely, S Styling. L Balleza: 135): University oT Ottawa Heart 

Institute {D S Beanlands, L Garrard, K Morgan, T Ruddy: 133); 

Si Boniface Hospital, Winnipeg (A L Morris, B A Anderson, A S ArneJa, 

S A Carter, V Daniels, B McEwen: 127); Centenary Health Centre. 

Scarborough (A J Ricd, J H Swan, J E Goode. D A Selby. B Bozek; 125); 

University of Saskatchewan, Saskatoon (A Shuatb, M Yeung, M Press, 

L L Watsion: 121); Vancouver Hospital and Health Science Centre 

[A Y Fung, H Hennlng, D C Taylor, H Abbey, C Davles, L Saunders: 

1 19); St Joseph's Hospital, Hamilton f,P H Tanser, D Feldman, 

B Sullivan, M J Saylcs, E Kent: 101); McMaslcr University, Hamilton 



(5 J Connolly, E Colelta. V Camithers: 98); Royal Alexandra Hospital, 
Edmonton (W Hut, P Klinke. N Brass, L KvlU: 96); HCiel-DIeu de 
Montreal fj Cusson. P Von Nguyen, L Marchand, S Roy, J-F Blain 94); 
Ouawa General Hospital 0 L Wellington, K Rody. S Poloni: 83): 
Sunnybrook Health Science Centre, Toronto (M G Myers, C D Morgan, 
P Parsons: BO) ; Hdpllal Saint-Luc, Montreal (R Lccours, >V Palenaude. 
C Turcotle: 80) ; Kingston General Hospital fj R Gulellus. R Paltenden; 
74); Hfiplial Notre Dame. Montreal (R-M Gagnon. N Racine. C Roy: 
72); Victoria Hospital, London (K Harris, M Loveli: 73); Vancouver 
Hospital and Health Sciences Centre CP A Teal, J-L Bloomer: 71); 
Si Paul's Hospital, Vancouver (C RThompson. M Wong. J G Sladen. 
K MacDonald, D Helnrlch: 70); H6pltal de I'Errfant-Jiisus, Quebec City 
(G Houde. C Nadeau. P Talbot: €4); Hfipltal du Sacre^Coeur de 
Montreal (A Page, A Verdanu 60); Royal Victoria Hospital, Montreal 
(M Smllovitch, N Racine, O Stelnmetz: 60); Hfipltal de l"Enf ant-Jesus, 
Qufcbec City fJD Slmard, C Bengulgui, C Ouellet: 53); HCpltalSalnt-Luc, 
Montreal (L-H LeBrun. M P Desrochers: 52); Victoria Hospttal, London 
(K Finnle, S McCrcery; 52) ; London Health Sciences Centre, University 
Campus (W J Kostuk, P W PHugfelder, R Oskalns: 50) ; Apex Clinical 
Research Inc , Victoria 0 F Bonet, K Holt, j McConnell: 50) ; 
Hfipltal Saint-Luc, Montreal (M Ruel, L Primeau: 49); Queen Elizabeth 
II Health Sciences Cenlre, Haifa* (S Phillips, L Coleman-Kamphuls: 49); 
Montreal General Hospital Q R Leclerc, S Sclymoss; 46); Montreal 
General Hospital (R Cote, F Bourque: 44); Grey Nuns Hospital, 
Edmonton (T K Lee, L Kvill: 44): Vancouver Hospital and Applied 
Sciences Centre (V Bernstein, L Doyle: 40): Hfipllal Charles LeMoyne. 
Greenfield Park fJRTlmothee. RChcbayeb; 40); Toronto Ensl General 
Hospital (C LeDtowltst, P Hambly; 40); Calgary General Hospital 
(G M Klein, M Robertson: 38); St Michael's Hospital, Toronto 
(N Bayer, P Couse: 31); Sunnybrook Healih Science Centre, Toronto 
Q W Norris. M J Medel: 29] ; Queensway General Hospital. Etobicoke 
(B Sevlli, J Flralmons: 27) ; Royal Victoria Hospital. Montreal 
(D Fllchelt, A Scrpa: 20) : Safnl John Regional Hospital (D Marr, 
B Oucllct: 20); Hfipltal Charles LeMoyne, Greenfield Park 
(A Bcllavancc; 18); Memorial University of Newfoundland, St John's 
fW Pryse-PhilllpKlB); Queen's University. Kingston (D C Howse: 14); 
University of British Columbia, Vancouver (S W Robktn: ll);ThcSlr 
Mortimer B Davis Jewish General Hospital, Montreal CI McCans: 7). 

Ncthcrtonds (2401) : Academic Medical Cenler and Slotervasrt Hospital, 
Amsterdam (D P M Brandjes, H R BQIkr, A R A Dyketna, 
J G Kromhoul, J A Lawson. R J Peters, J J van der Sande, J Stam, 
L M Blok, Y Jtnner, O Tcrnede: 307); The Wever Hospital. Heerlen 
0 Lens, ECM Bollen. R J Th J Wellen. Ph Termeulcn, 
W P M F Hollanders: 278); Deventer Hospital {D J A Lok. 
H Groencvcld. LHM Bouwens, F C W Ticlge, ECM van der Velden, 
P W F Brugglnk-Andre de la Porte: 260); Sllngeland Hospital, 
Doellnchem 0 G J M van IersaL J Seegers. A C van Vltet 243); SMT. 
Hengelo (P van der Sar, B D Verhoog, S H van dor Sar-de Naoljer. 
I Verhoog-Nijhuls: 1 75) ; The Wever and Gregorius Hospital 
(C L Franke, P J Koehler: 173); Cardiology Centre, Gronlngen 
fj van der Mecr, J S van Os. M van der Heljden, L M van Wljk: 173); 
The Wever Hospital, Heerlen 0 A Kraglen. J de Warrimont-Wenquet, 
R Fold: 109); University Hospital, Rotterdam (H M Van Gemcrt, 
D WJ Dlppel, P J Koudsiaol: 103): Sim Lucas Andreas Hospital, 
Amsterdam 0 A L Vannesle. W H J P Llnssen, J J M Krulsdijk: 100); 
Suit Lucas Andreas Hospital, Amsterdam (J Visser, T F Van Gaol, J 
Vooges: 95); Westelnde Hospital, The Hague [A C De Vrfcs, P KMnken, 
K A Banleroa: 84) ; University Hospital, Utrecht 0 D Banga. S D J M 
NiemoUer-Kanlcra, M G de Croot: 79): Si Anwnlus Hospital, 
NicuwcgiJn (F L Moll, R Sybrandy; 72); Catharlna Hospital, Eindhoven 
0 Buth. F P G Schol: 59); University Hospital. Utrecht CRCJM 
Donders, A Algra: 54); Holy Zlekenhuls, Vlaardglngen (GAM Pop, 
R van der HclJdcn: 52); Leyenburg Hospital, The Hague 
tBKnlppenberg,JCSler: 45), — ... ^ 

Sweden and Finland C1650): University Hospital. Uppsala (D Berqvist, 
S Karacagli, I Eriksson, S Bowald. A Holmberg. C LJungman, 
B Weslman: 239); University of Kuoplo 0 Slvonlus, J Puranen, 
A Karinen, J Onatsu. T Salmenpera. M Kalinen: 23 1); Helsinki 
University Central Hospital (M Kasle, T Tatllsumak. L Solnne, 
M KaUela. M KotUa: 160); Sahlgrenska University Hospital CM Hartford, 
j Hcrlllz, B W Karison. S-O Stromblad: 1 52); UmcS University Hospital 
(B-O Olofsson, T Strand, B Krisiensen, J Malm: 136); JyvaskyU Centra! 
Hospital 0 H Melin, M Virtanen, T Olli: 1 1 2); MalmO University 
Hospital (F LindgSfde, H Pessah-Rasmussen, M Rendcll, U-B Ericsson: 
94); Helsinki University Central Hospital (A Sahtman, H Savolalnen. 
J Ramft. J Lehlonen: 83); University of Oulu (M E Hlllbom, 
M Rcunanen, J Turkka: 72): University or Oulu (K Yianen, TPeltola. 
T Juvonen: 60): Central Hospital or Kotka (E Koskela, J Erklnhelmo: 
53); University Hospital, UmcS (K-A Angqulst, B Hedberg, C Amerlov: 
50): Ceniral HospiLal of Ceniral Finland, JyvSskylS (A Rlssanon, 
KMurros: 48); Jorvl Hospital (U IdanpSSn-Heikkila. L Honka: 44); 
Helsinki University Central Hospital 0 HelkklU, T Tlensuu: 42); 
University Hospital, Uppsala [I Boberg. A-L Bexggren: 41); 
Keskl-Suomen Keskussalraala, JyvSskyla (H Rlckklnen, 
P Kuukasjarvl: 33), 
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Australia and New Zealand (1537): Sir Charles Galrdner Hospital* 

Ncdfomis (P L Thompson, ETM Yu, P J Bradshaw, P A Cooke, 

S P F Gordon, K S H Loh. B McQuillan, M M Moshlri: 239) ; 

Royal Brisbane Hospital (D 8 Cross. W S Egerton, P J Walker, 

C A Codd, D A Kreuter, S Cox. D Nalk, D M Cavaye, M C Haiel: 224); 

The Queen Elizabeth Hospital, Woodvllle (J Horowitz, C Rowe, 

S Stewart, K Botmdy, C F Stringer, J L Anderson, D Collen 159) ; 

Flinders Medical Centre, Bedford Park (P Aylward, C Anderson, R Burns. 

DSchuilz, PWaddyjWalsh: 140): Royal Prince Alfred Hospital, 

Camperdown (L Davies, J P Harris, A Wetzlar. A McDougall. 

K Steunarine, P Cremer: 123); Austin Hospital, Heidelberg 

(G A Donnan, A Tonkin, C Levi, J Hanlan, F Ellery: 122); Green Lane 

Hospital, Auckland (H D White, A W Hamer, V Kapadla, X Ramanalhan: 

90); Royal Perth Hospital (R R Taylor, G Hankey. M Brooks. T Young, 

M Mclnerney: 62) ; Royal Hobart Hospital G Sanspm. R Thomson, 

C Spaulding, R Cutforih. A Thomson: 81); Box Hill Hospital 

(H H Salem, P Coughiin: 78); St Vincent's Hospital, Darllnghurst 

(T J Campbell, R S A Lord, D O'Sulllvan, C Corrigan, S D'Arcy: 77): 

Auckland Hospital {N E Anderson, A J Charleston: 47): Royal 

Melbourne Hospital (S M Davis, R Gerraty: 44); The Prince Charles 

Hospital, ChcrmsJde (N Bett 16); Greenslopes Private Hospital 

(DJHewson: 15), 

UK (I431)t St James University Hospital, Leeds (R C Kester, D J A Scott. 
D C Berrldge, P J Kent. C A Thornton, H Sykes. S Bennett: 332); 
Queen's Medical Centre, Nottingham (D Blakey, W P Brooksby. 
RT Johnston. M Brack, ] R Hampton: 180); Bradford Royal Infirmary 
(FVowden: 169); Leeds General Infirmary (M J Gougn, R Hooper. 
M Cough: 135); North Manchester General Hospital (S P Hanley. 
M MacAsklll, J Miles, C Waywell: 1 15); Ngrth StalTordshlre Hospital 
0 C Mueklow, C Davis, P Harper, K Cooke: 100) ; University Royal 
Infirmary, Glascow (G Lowe, B Shaw, J McKlllop: 72): St George's 
Hospital, London (J A Dormandy. H Chaudhry t J Evans: 70); 
St James University Hospital, Leeds (J M Barnfcrd, S Btundell: 53); 
Central Sheffield University Hospitals (G Venables, C Doyle: 40): 
Queen Elizabeth Hospital. Birmingham (C P Shearman, A Crow; 39); 
Western General Hospital, Edinburgh CM Dennis, P Sandercoek: 38); 
St George's Hospital, London (M M Brown, J Rogers: 35); York District 
General Hospital (R M Boyle, B S Wiseman: 31) ; Walton Centre Tor 
Neurology and Neurosurgery, Liverpool (PRD Humphrey: 1 1); 
Academic Unit of Medicine, Leeds (CRM Prentice: 11). 

Switzerland (1256): Hospital Civlco. Lugano fT Moccetti, E Pasotii, 
F Sessa. A Bcrtollnl. A Rossi, A Del Bufalo, R Malacrida, D MocceUi, 
G Besomi: 229); Inselspi"*. Bern (H P Mattle, E Etcher Voila, D Maurer, 
FRJhs: 111); University Hospital. Zurich (U Hoffmann, A Bollinger. 
U K Franzock: 76); Inselspllal, Bern CF Mahler, D Do, I Baumgartnen 
73); Kantonsspltal St Galten (B Weder, L BQnlg, H-P Ludin: 63): Centre 
Hospitaller Unlversitalre Vaudols, Lausanne (J Bogausslavsky, 
M Meoder-lngvar, F Rcgll: 65); Centre Hospitaller Unlversitalre Vaudols, 
Lausanne (L Kappenberger, M Depalron, G BlzzJni: 65); Ospedale 
Italian© di Lugano, Vfganello (C Bcretta-PlccoH, F Elshater-Zanctti. 
C GuOl: 65); Triemll Hospital, Zurich (O Bertel, T Deseo, W Gmuer: 
GO) ; University Hospital of Geneva (H Bounameaux, J Wlcky, 
S Desmarals: 57); Hopital deSion (P Vogt, D Fellay: 52); Kantonsspltal 
Glarus (K Rhyner, W Wojtyna, T Banjul, J Brunner: 52); University 
Hospital. Basel (K A Jager, I von Planta; 50); Ospedale delJa Beata 
Verglne, Mendrlslo (G Noseda, A Pugllesl, L Pons-Gludid: 45); 
University Hospital, Bern (B Meier, D EvcquoK 42); Kantonalcs Spltat 
Walenstadt (D Schmidt, H S Keel, D Helnrfch: 42); University Hospital. 
Zurich (F Follath, H P Brunner; 34); Spttal Llmmattal. Schlleren 
{B Caduff, M VVJrth: 28): Kardlology Kantonsspltal Aarau {A 
Vullllomenet: 21); Centre Hospitaller Unlversitalre Vauduis, Lausanne 
(M Savclc: 19); Zurcher Hohenklinlk Wald, Faltigbtrg (U Hurllmann: 1); 
Bezlrksspllal, Herzogenbuchsee (E Bosshard: 1). 

Germany andAosirfa (959): University of Heidelberg (W Hacke, 
T Brandt, S WHdermuth, P Rlngleb: 105); University of Mlnden 
(O Busse. V Siraeten, K Zeuner. Si Vlelhabcn 92); University of Malnt 
(B Tettenborn, G Kramer, A Allardt, E Schmitt-Henco: 90); University 
of Essen (H-C Dlener, V Schroder, J Ncbe: 65); Medical University of 
Graa (E Pilger, A Doder. B Gurll: 64): University of Karlsbad (C Dlehm, 
M Gomer, T Jansen: 61); University of Lflbeck (D Ktimpf, M Kaps, 
M Vldal-Langwasser: 56); University of Heidelberg (M Hennorid, 
M DaiTertshofer, U Schmlnke: 53); University of Ulm,(H H Osterhues, 
A Fischer. 48); University of Malm (H-J Rupprecht, U Borkowskl: 41); 
University of Essen (C Rudofsky, A Reseher: 41); University or Homburg 
Saar (H Schwerdi. B Hammer; 40}; University of Gjessen (R Voss. 
M Grebe: 40): University of Engetskirchen (H Rieger, R Grobe: 37); 
University Mflnchen CTU] (W Thelss, F Schaub: 37); University or 
Monchen (F-l Neumann, LLulllsky: 27); Landeskrankenhaus, Innsbruck 
(F T Alchner, C Schmidauen 25); University of Saarland 
(K Erdlenbruch, B S Mdrsdorf: 23): University of Giessen 
(CRHornlg: 14). 

France (916): Department of Neurology, Besancon (T Moulin, D Chavot, 
M-H Snldaro; 80): Hopital Bretonneau, Tours (A Aulret: 78); CHU Lille 
(C Lucas, D Leys, H Henon: 63); Centre Hospitaller de Meaux 



(F Chedru, A Ameri, J-F Dunand: 56); Hopital de Freymlng-Merlebach 
(P Dambrfne, A Gabriel, F Labakl: 55); Hfipltal de Longjumeau 
(X Tran-Thanh. C Jouannon, F Durup: 55); CHU Gul de Chaullac, 
Montpellier (M Pages, J M Blard: 50); HOpItal General, Dijon 
(M Giroud, M Menassa: 49); Hopital Sainte-Aitne, Paris (M Zuber. 
J L Mas: 42) ; HSpltal La Tronche, Grenoble (M Hommel, G Besson: 
36) : Si Joseph Hospital, Paris (C Laurian, J-F Mathieu: 36) ; 
CHU deRangueil, Toulouse (G Geraud, VLarrue: 36);H6pltal Cochin, 
Paris (K Ben-Hamda. RFumey: 35); Hopital Purpan, Toulouse 
(B Gulraud-ChaumBll, F CholleC 34); CHI de Poissy (M Pathe. 
D Zannler-Manart: 34); Saint Antolne Hospital, Paris (H Chabriat. 
P Amarcnco: 29); CHRU Ponlchaillou, Rennes 0-F Plnel: 28); H6pital 
Louis Pradel, Lyon 0 Beaune, J-B Pichard: 28); CUnlquo du Pare 
Rambot, Alx-en-Provence (A Medvedowsky: 28); University Hospital, 
Dijon (F Becker, B Terriat; 27); Hopital Laribolsiere, Paris (F Wolmanu 
1 9); Hopital Saint Louis. Paris (G Cathelineau: 16] . 

Spain (421); Hospital General La Paz, Madrid (I Martin Jadra que. 

J L Lopez Sendon, I Gonzales Maqueda, I Roldan Rabadan: 100); 

Hospital Unlversltario Vlrgen, Macarena U M Cruz Fernandez, 

V Lopez Carda: 91); Hospital Clfnico San CeciUo, Sevilla (E Ros Die, 

J Gonzales Rios, 0 Del Foco: 64); Hospital Cllnlco, Barcelona 

(A Chamorro, MAIday: 44); Hospital General de Alicante 

C Matias-Guiu, F Gracla; 39); Hospital Cllnlco, Barcelona 

(J L Pomar Moya-Prats, C A Mestres: 33); Hospital General La Paz, 

Madrid C A Jlmdnez Cosslo, L Riera de Cubas: 26); Hospital General La 

Paz, Madrid (P Barreiro Telia, E Diez Tejedor; 22). 

Portugal (355): Hospitals da Unlversldade de Coimbra (L Cunha, 

A F Goncalves. M A Ferro, V Barbosa, D Santiago: 151): " 

Hospital Si Maria, Lisbon 0 M Ferro. T P Melo, V Ollveira. 

A N Pinto: 95); UTIC ■ Ars^nlo Cordelro Hospital Santa Maria. Lisbon 

(A L Bordalo-Sa, D Ferreira, J L Tuna: 49); Coimbra University Hospital 

(L Providencla, J Morals: 49); Hospital Geral Santo Anldnlo, Porto 

(APlmenta: 11). 
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West of Scotland Coronary Prevention Study: identification of 
high-risk groups and comparison with other cardiovascular 
intervention trials 



West of Scotland Coronary Prevention Group* 



Summary 

Background We assessed the potential benefit of treatment 
for low-risk and high-risk groups in the West of Scotland 
Coronary Prevention Study (WOSCOPS) population, and 
compared the benefits of primary and secondary prevention 
of coronary heart disease (CHD) by lipid lowering with the 
benefits of blood pressure reduction In the primary 
prevention of stroke. 

Methods We did a subgroup analysis of placebo-treated 
men In the WOSCOPS population by age, vascular disease 
at trial entry, and other established risk factors. We also 
compared WOSCOPS findings with those of the 
Scandinavian Simvastatin Survival Study (4S) and the 
Medical Research Council (MRC) trial of treatment for 
mild to moderate hypertension In middle-aged men* The 
WOSCOPS population comprised 6595 men aged 
45-64 years with no history of myocardial infarction 
(Ml) and plasma total cholesterol concentrations of 
mmol/L at initial screening. Participants were 
randomly allocated pravastatin (40 mg daily) or ptacebo. 
and followed up for an average of 4-9 years. 

Findings Coronary event rates at 5 years In the WOSCOPS 
placebo group were higher than 1096 (the recommended 
treatment threshold) in men with pre-existing vascular 
disease and in those 55 years or older without symptoms 
or signs of CHD but with at least one other 
risk factor. Event rates were low in men with 
hypercholesterolemia but no other risk factor: 3-5% 
(95% CI 1-3-57) for men aged 45-54 years and 5*3% 
(2'7-S-O) for men aged 55-64 years. Three times more men 
had to be treated for 5 years to prevent one endpoint In 
WOSCOPS than in 4S. By contrast, two to four times fewer 
men with hyperlipidaemla were treated to save one 
coronary event in WOSCOPS than hypertensives to save one 
stroke in the MRC trial. These differences persisted after 
adjustment for the low-risk status of many of the patients 
with hypertension who took part in the MRC trial, 

•Writing committee and participants listed at end of article 
Correspondence to: Or Christopher Isles, Department or Medicine, 
Dumfries and Galloway Royal Infirmary, Dumfries DG1 4AP, UK 



Interpretation There were a substantial number of men 
whose risk of a coronary event was more than 10% at 
5 years in the WOSCOPS cohort. The absolute benefit of 
pravastatin treatment of hyperlipidaemla is less In the 
primary prevention of CHD than in secondary prevention, but 
is similar to that for primary prevention of stroke by 
treatment of mild to moderate hypertension in middle-aged 
men. 

£anceM996; 348: 1339-42 
Introduction 

After publication of the West of Scotland Cororfary 
Prevention Study (WOSCOPS) 1 of pravastatin In men 
with hypercholesterolemia we decided to re-examine the 
role of lipid-Iowering drugs in the prevention of coronary 
heart disease (CHD), WOSCOPS showed that in men 
aged 45-64 years who had raised scrum cholesterol 
(6'5-8'0 mmol/L), but no previous myocardial infarction 
(MI), pravastatin treatment reduced the relative risk of 
non-fatal MI or death definitely attributable to CHD by 
31%, that of death definitely or probably related to CHD 
by 3396, that of death from all cardiovascular causes by 
32%, and that of death from any cause by 22%. The 
absolute risks of these endpoints at 5 years were reduced 
by 2-4%, 0-6%, 0-7%, and 0*9%, respectively. The 
proportionate benefit from pravastatin was similar in all 
subgroups of patients, 1 

The findings of WOSCOPS could, In theory, be applied 
to a substantial proportion of many populations 2 and 
would lead to widespread drug treatment. However, this 
approach may not be desirable or economically feasible 
because of the constraints on modern health-care systems. 
Our examination of the issue or the benefit of treatment 
starts from the position that there is a wide range of 
absolute risk for CHD morbidity and mortality in our 
cohort; with a uniform proportionate risk reduction, there 
should be a corresponding variation in the absolute benefit 
of treatment 

As a precursor to a detailed examination of cost benefit, 
we did a subgroup analysis of the WOSCOPS population 
to identify the characteristics of the men at the highest 
absolute risk of CHD. We also compared the effect of 
cholesterol lowering on primary prevention of CHD (as 
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PLAVIX* 



clopidogrel bisulfate tablets 
DESCRIPTION 

PLAVIX (clopidogrel bisulfate) is an inhibitor 
of ADP-induced platelet aggregation acting by 
direct inhibition of adenosine diphosphate 
(ADP) binding to its receptor and of the 
subsequent ADP-raediated activation of the 
glycoprotein GPUbMa complex. Chemically 
it is methyl (+MS)-a-{2-chIomphenyl)-6,7^ 
dihydrothienof3,2-cJpyridine«5(4H)*acetate 
sulfate (1:1). The empirical formula of 
clopidogrel bisulfate is C^B J4 C1 N0 1 S»H a S0 4 
and its molecular weight is 419,9. 

The structural formula is as follows: 



Clopidogrel bisulfate is a white to off-white 
powder. It is practically insoluble in water at 
neutral pH but freely soluble at pH L It also 
dissolves freely in methanol, dissolves 
sparingly in methylene chloride, and is 
practically insoluble in ethyl ether It has a 
specific optical rotation of about +56°, 

PLAVIX for oral administration is provided as 
pink, round, biconvex, engraved film-coated 
tablets containing 97,875 mg of clopidogrel 
bisulfate which is the molar equivalent of 
75 xng of clopidogrel base. 

Each tablet contains anhydrous lactose, 
hydrogenated castor oil/ macrocrystalline 
cellulose, polyethylene glycol 6000 and 
pregeiatinized starch as inactive ingredients. 
The pink film coating contains ferric oxide 
(red), hydroxypropyl methylcellulose 2910, 
polyethylene glycol 6000 and titanium 
dioxide. The tablets are polished with 
Camauba wax. 



O 
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CLINICAL PHARMACOLOGY 
Mechanism of Action 

Clopidogrel is an inhibitor of platelet 
aggregation A variety of drugs that inhibit 
platelet function have been shown to decrease 
morbid events in people with established 
atherosclerotic cardiovascular disease as 
evidenced by stroke or transient ischemic 
attacks, myocardial infarction, or need for 
bypass or* angioplasty. This indicates that 
platelets participate in the initiation and/or 
evolution of these events and that inhibiting 
them can reduce the event rate. 

Pharmacodynamic Properties 

Clopidogrel selectively inhibits the binding of 
adenosine diphosphate (ADP) to its platelet 
receptor and the subsequent ADP-mediated 
activation of the glycoprotein GPIIb/ma 
complex, thereby inhibiting platelet 
aggregation. Biotransformation of clopidogrel 
is necessary to produce inhibition of platelet 
aggregation, but~an active metabolite 
responsible for the activity of the drug has not 
been isolated. Clopidogrel also inhibits 
platelet aggregation induced by agonists other 
than ADP by blocking the amplification of 
platelet activation by released ADP. 
Clopidogrel does not inhfcit phosphodiesterase 
activity* 

Clopidogrel acts by irreversibly modifying the 
platelet ADP receptor. Consequently, platelets 
exposed to clopidogrel are affected for the 
remainder of their lifespan. 

Dose dependent inhibition of platelet 
aggregation can be seen 2 hours after single 
oral doses of PL AVIX. Repeated doses of 
75 mg PLAVDC per day inhibit ADP-induced 
platelet aggregation on the first day, and 
inhibition reaches steady state between Day 3 
and Day 7. At steady state, the average 
inhibition level observed with a dose of 75 mg 
PLAVDC per day was between 40% and 60%; 
Platelet aggregation and bleeding time 
gradually return to baseline values after 
treatment is discontinued, generally in about 5 
days. 
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Pharmacokinetics and Metabolism 

After repeated 75-mg oral doses of 
clopidogrel (base), plasma concentrations of 
the parent compound, which has no platelet 
inhibiting effect* are very low and are 
generally below the quantification limit 
(0.00025 mg/L) beyond 2 hours after dosing. 
Clopidogrel is extensively metabolized by the 
liven The main circulating metabolite is the 
carboxylia acid derivative, and it too has no 
effect on platelet aggregation. It represents 
about 85% of thp circulating drug-related 
compounds in plasma. 

Following an oral dose of "Olabeled 
clopidogrel in hutiians, approximately 50% 
was excreted in the urine and approximately 
46% in the feces in the 5 days after dosing. 
The elimination half-life of the main 
circulating metabolite was 8 hours after single 
and repeated administration, Covalent binding 
to platelets accounted for 2% of radiolabel 
with a half-life of 1 1 days. 

Effect of Food: Administration of PLAVDC 
with meals did not significantly modify the 
bioavailability of clopictogrel as assessed by 
the pharmacokinetics of the main circulating 
metabolite. 

Absorption and Distribution: Clopidogrel is 
rapidly absorbed after oral administration of 
repeated doses of 75 rng clopidogrel (base) 
with peak plasma levels (=3 mg/L) of the main 
circulating metabolite occurring 
approximately 1 hour after dosing. The 
pharmacokinetics of the main circulating 
metabolite are linear (plasma concentrations 
increased in proportion to dose) in the dose 
range of 50 to 150 mg of clopidogrel. 
Absorption is at least 50% based on urinary 
excretion of clopidogrel-related metabolites, 

dopidogreland the main circulating 
metabolite bind reversibly in vitro to human 
plasma proteins (98% and 94%, respectively). 
The binding is nonsaturable in vitro up to a 
concentration of 100 -Jig/ml. 

Metabolism and Elimination: In vitro and in 
vivo, clopidogrel undergoes rapid hydrolysis 
into its carboxylic acid derivative. In plasma 
and urine, the glucuronide of the carboxylic 
acid derivative is also observed. 
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Special Populations 

Geriatric Patients: Plasma concentrations of 
the mala circulating metabolite are 
significantly higher in elderly (>75 years) 
compared to young healthy volunteers but 
these higher plasma levels were not associated 
with differences in platelet aggregation and 
bleeding time. No dosage adjustment is 
needed for the elderly, 

Renally Impaired Patients: After repeated 
doses of 75 mg FLAVIX per day t plasma 
levels of the main circulating metabolite were 
lower in patients with severe renal impairment 
(creatinine clearance from 5 to 15 mL/ntin) 
compared to subjects with moderate renal 
impairment (creatinine clearance 30 to 
60 mL/min) or healthy subjects. Although 
inhibition of ADP-induced platelet 
aggregation was lower (25%) than that 
observed in healthy volunteers, the 
prolongation of bleeding time was similar in 
healthy volunteers receiving 75 mg of 
PLAVDC per day. No dosage adjustment is 
needed in renally impaired patients. 

Gender: No significant difference was 
observed in the plasma levels of the main 
circulating metabolite between males and 
females. In a small study comparing men and 
women, less inhibition of ADP-induced platelet 
aggregation was observed in women, but there 
was no difference in prolongation of bleeding 
time. In the large, controlled clinical study 
(Clopidogrei vs. Aspirin in Patients at Risk of 
Ischemic Events; CAPRIE), the incidence of 
clinical outcome events, other adverse clinical 
events, and abnormal clinical laboratory 
parameters was similar in men and women. 

Race: Pharmacokinetic differences due to 
race have not been studied. 
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CLINICAL STUDIES 

The clinical evidence for the efficacy of 
PLAVIX is derived from the CAPREE 
(Clopidogrel vs. Aspirin in Patients at Risk of 
Ischemic Events) trial. This was a 19,185- 
paticnt, 304-eenter, international, randomized, 
double-blind, parallel-group study comparing 
PLAVIX {75 rag daily) to aspirin (325 mg 
daily), The patients randomi2ed had: 1) recent 
histories of myocardial infarction (within 35 
days); 2)*eceht histories of ischemic stroke 
(within 6 months) with at least a week of 
residual neurological signs; or 3) objectively 
established peripheral arterial disease. Patients 
received randomized treatment for an average 
of 1,6 years (maximum of 3 years). 

The trial's primary outcome was the time to 
first occurrence of new ischemic stroke (fatal 
or not), new myocardial infarction (fatal or 
not), or other vascular death. Deaths not easily 
attributable to nonvascular causes were all 
classified as vascular. 

Outcome Events of the Primary Analysis 

FLftVDC Aspirin 
Patients 9599 9586 



IS (fatal or not) 
MI (fatal or not) 
Other vascular death 
Total 



438 (4.56%) 
275(2.86%) 
226(235%) 
939 (9.78%) 



461 (4.81%) 
333 (3.47%) 
226 Q36%) 
1020(10,64%) 



As shown in the table, PLAVIX was associated 
with a lower incidence of outcome events of 
every kind. The overall risk reduction (9,78% 
vs. 10,64%) was 8.7%, P=0.045. Similar 
results were obtained when all-cause mortality 
and all-cause strokes were counted instead of 
vascular mortality and ischemic strokes (risk 
reduction 6.9%), In patients who survived an 
on~study stroke or myocardial infarction, the 
incidence of subsequent events was again lower 
in the PLAVIX group. . 
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The curves showing the overall event rate are 
shown in the figure. The event curves 
separated early and continued to diverge over 
the 3-year follow-up period. 




MKIHtflFlGUjDMKP 



Although the statistical significance favoring 
PLAVIX over aspirin was marginal (F=0.045), 
and represents the result of a single trial that 
has not been replicated, the comparator drug T 
aspirin, is itself effective (vs. placebo) in 
reducing cardiovascular events in patients with 
recent myocardial infarction or stroke. Thus 
the difference between PLAVIX and placebo,' 
although not measured directly, is substantial. 

The CAPRIE trial included a population that 
was randomized on the basis of 3 entry 
criteria, lie efficacy of PLAVIX relative to 
aspirin was heterogeneous across these 
randomized subgroups (P*=0X)43), It is not 
clear whether this difference is real or a chance 
occurrence. Although the CAPRIE trial was 
not designed to evaluate the relative benefit of 
PLAVIX over aspirin in the individual patient 
subgroups, the benefit appeared to be strongest 
in patients who were enrolled because of 
peripheral vascular disease (especially those 
who also had a history of myocardial 
infarction) and weaker in stroke patients. In 
patients who were enrolled in the trial on the 
sole basis of a recent myocardial infarction, 
PLAVIX was not numerically superior to 
aspirin. 
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In the meta-analyses of studies of aspirin vs. 
pjacebo in patients similar to those in CAPRIE, 
aspiria was associated with a reduced incidence 
of alherothrombotic events, There was a 
suggestion of heterogeneity m these studies 
too, with the effect strongest in patients with a 
history of myocardial infarction, weaker in 
patients with a history of stroke, and not 
discernible in patients with a history of 
peripheral vascular disease. With lespect to the 
inferred comparison of PLAV3X to placebo, 
there is w indication of heterogeneity, 

INDICATIONS AND USAGE 

PLAVES is indicated for the reduction of 
atherosclerotic ev'ents (myocardial infarction, 
stroke, and vascular death) in patients with 
atherosclerosis documented by recent stroke, 
recent myocardial infarction, or established 
peripheral arterial disease. 

CONlkAlNDICATIONS 

The use of PLAVDC is cotitraindicated in the 
following conditions: 

I Hypersensitivity ta the drag substance or 

any component of the product, 
T Active pathological bleeding such as peptic 

ulcer or intracranial hemorrhage. 
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WARNINGS 




None. 
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As with other anti-platelet agents, PLAVfX 
should be used with caution in patients who 
may be a* risk of increased bleeding from 
trauma, surgery* or other pathological 
conditions. If a.patient is to undergo elective 
surgery and an antiplatelet effect is not desired, 
PLAVIX should be discontinued 7 days prior ' 
to surgery. 

GI Bleeding: PL'AVDC prolongs the bleeding 
time. In CAPRIE, PLAVIX was associated with 
a rate of gastrointestinal bleeding of 2.0%, vs. 
2.7% on aspirin, PLAVIX should be used with 
caution in patients who have lesions with a 
propensity to bleed (such as ulcers). Drugs 
that might induce such lesions (such as aspirin 
and other nonsteroidal anti-kflanunatoiy 
drugs [NSAIDs]) should be used with caution 
in patients taking PLAVIX. 

Use in Hepatically Impaired Patients: 
Experience is limited in patients with severe 
hepatic disease, who may have bleeding 
diatheses, PLAVIX should be used with 
caution in this population. 

information tor .Patients 

Patients should be told that it may take them 
longer than usual to stop bleeding when they 
take PLAVIX* and that they should report any 
unusual bleeding to their physician. Patients 
should inform physicians and dentists that they 
are taking PLAVIX before any surgery is 
scheduled and before any new drag is taken. 



Chpidogrel Bisulfate (SR2599QC) 
17 November 1997 Version 



9 of 16 
Package Insert 



Drug Interactions 

Study of specific drug interactions yielded the 
following results; 

Aspirin: Aspirin did not modify the 

clopidogrel-mediated inhibition of ADP~ 

induced platelet aggregation* Concomitant 

administration of 500 mg of aspirin twice a 

day for I day did not significantly increase the 

prolongation of bleeding time induced by 

PLAVIX* PLAVIX potentiated the effect of 

aspirin on collagen-induced platelet 

aggregation. The safety of chronic ^ 

concomitant administration of aspirin and 

PLAVTX has not been established. 
# 

Heparin: In a study in healthy volunteers, 
PLAVIX did not necessitate modification of 
the heparin dose or alter the effect of heparin 
on coagulation. Coadministration of heparin 
had no effect on inhibition of platelet 
aggregation induced by PLAVDt The safety 
of this combination has not been established, 
however, and concomitant use should be 
undertaken with caution. 

Nonsteroidal Ami JnfUwmatory Drugs 
(NSAIDs): In healthy volunteers receiving 
naproxen, concomitant administration of 
PLAVIX was associated with increased occult 
gastrointestinal blood loss. NSAEDs and 
PLAVIX should be coadministered with 
caution. 

Warfarin: The safety of the coadministration 
of PLAVIX with warfarin has not been 
established* Consequently, concomitant 
administration of these two agents should be 
undertaken with caution, (See Precautions - 
General), 

Other Concomitant Therapy: No clinically 
significant pharmacodynamic interactions were 
observed when PLAVIX was coadministered 
with atenolol, nifedipine, or both atenolol and 
nifedipine. The pharmacodynamic activity of 
PLAVIX was also not significantly influenced 
by the coadministration of phenobarbital, 
cimetidine or estrogen. 

The pharmacokinetics of digoxin or 
theophylline were not modified by the 
coadministration of PLAVIX, 
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At high concentrations in vitro, clopidogrel 
inhibits P w (2C9). Accordingly, PLAVDC 
may interfere with the metabolism of 
phenytoin, tamoxifen, tolbutamide, warfarin, 
torsemide, flu vastatin, and many non- 
steroidal anti-inflammatory agents, but there 
are no data with which to predict the 
magnitude of these interactions- Caution 
should be used when any of these drags is 
coadministered with PLAVIX. 

In addition to the above specific interaction 
studies, patients entered into CAPRBE received 
a variety of concomitant medications including 
diuretics, beta-blocking agents, angiotensin 
converting enzyme inhibitors, calcium 
antagonists, cholesterol lowering agents, 
coronary vasodilators, antidiabetic agents, 
antiepileptic agents and hormone replacement 
therapy without evidence of clinically 
significant adverse interactions, 

JUrug/Laboratory Test Interactions " 
None known. 

Carcinogenesis, Mutagenesis, Impairment of 
Fertility - 

There was no evidence of tumorigenicity when 
clopidogrel was administered for 78 weeks to 
mice and 104 weeks to rats at dosages up to 77 
mg/kg per day, which afforded plasma 
exposures >25 times that in humans at the 
recommended daily dose of 75 mg. 

Clopidogrel was not genotoxic in four in vitro 
tests (Ames test, DNA-repair test in rat 
hepatocytes, gene mutation assay in Chinese 
hamster fibroblasts, and metaphase 
chromosome analysis of human lymphocytes) 
and in one in vivo test (micronucleus test by 
oral route in mice), 

Clopidogrel was found to have no effect on 
fertility of male and female rats at oral doses 
up to 400 mg/kg per day (52 times the 
recommended human dose on a mg/m 3 basis). 
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Pregnancy 

Pregnancy Category B. Reproduction studies 
performed in rats and rabbits at doses up to 
500 and 300 mg/kg/day (respectively, 65 and 
78 limes the recommended daily human dose 
on a mg/m 2 basis), revealed no evidence of 
impaired fertility or fetotoxicity due to 
clopjdogrel There are, however, no adequate 
and well-controlled studies in pregnant 
women. Because animal reproduction studies 
are not always predictive of a human response, 
PLAVTX should be used during pregnancy 
only if clearly needed. 

Nursing Mothers " 

Studies in rats have shown that clopidogrel 
and/or its metabolites are excreted in the milk. 
It is not known whether this drug is excreted in 
human milk. Because many drugs are 
excreted in human milk and because of the 
potential for serious adverse reactions in 
nursing infants, a decision should be made 
whether to discontinue nursing or to 
discontinue the drug, taking into account the 
importance of the drug to the nursing woman, 

Pediatric Use 

Safety and effectiveness in the pediatric 
population have not been established. 

AlWJblWK REACTIONS 

PLAVK has been evaluated for safety in more 
than 11,300 patients, including over 
7,000 patients treated for 1 year or more* The 
overall toierability of PLAVK was similar to 
that of aspirin regardless of age, gender and 
race, with an approximately equal incidence 
(13%) of patients withdrawing from treatment 
because of adverse reactions. The clinically 
important adverse events observed in CAPRIE 
are discussed below. 

Hemorrhagic: In patients receiving PLAVK in 
CAPRIE, gastrointestinal hemorrhage occurred 
at a rate of 2,0%, and required hospitalisation 
in 0,7%. In patients receiving aspirin, the 
corresponding rates were 2/7% and Lift, 
respectively. The incidence of intracranial 
hemorrhage was 0>4% for PLAVTX compared 
to 0.5% for aspirin. 
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Neutropenia/agranulocytosis: Ticlopidine, a 
drug chemically similar to PLAVDC, is 
associated with a 0,8% rate of severe 
neutropenia (less than 450 neutrophils/tiL) 
Patients in CAPREE (see Clinical Trials) were 
intensively monitored for neutropenia, Severe 
neutropenia was observed in six patients, four 
on PLAVDC and two on aspirin* Two of the 
9599 patients who received PLAVDC and none 
of the 9586 patients who received aspirin had 
neutrophil counts of zero. 

One of the four PLAVDC patients was 
receiving cytotoxic chemotherapy, and another 
recovered and returned to the trial after only 
temporarily interrupting treatment with 
PLAVDC. 

Although the risk of myelotoxicity with 
PLAVIX thus appears to be quite low, this 
possibility should be considered when a patient 
receiving PLAVDC demonstrates fever or other 
sign of infection. 

Gastrointestinal: Overall* the incidence of 
gastrointestinal events (e.g. abdominal pain, 
dyspepsia, gastritis and constipation) in 
patients receiving PLAVDC was 27.1%, 
compared to 29,8% in those receiving aspirin. 

The incidence of peptic, gastric or duodenal 
ulcers was 0*7% for PLAVDC and 1.2% for 
aspirin. 

Cases of diarrhea were reported in 4.5% of 
patients in the PLAVDC group compared to 
3,4% m the aspirin group. However, these 
were rarely severe (PLAVDC=0.2% and 
aspirin- 0.1%), 

The incidence of patients withdrawing from 
treatment because of gastrointestinal adverse 
reactions was 3.2% for PLAVDC and 4.0% for 
aspirin. 

Rash and Other Skin Disorders: The incidence 
of skin and appendage, disorders in patients 
receiving PLAVIX was 15.8% (0.7% serious); 

t ™^? onding ^ m ^P*™ Patients was 
13.1% (0.5% serious). 

Hie overall incidence of patients withdrawing 
from treatment because of skin and appendage 
disorders adverse reactions was 1.5% for 
PLAVIX and 0.8% for aspirin. 
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Adverse events occurring in £2.5% of patients 
on PLAVIX in the CAPREE controlled clinical 
trial are shown below regardless of relationship 
to PLAVIX. The median duration of therapy 
was 20 months, with a maximum of 3 years* 

Adverse Erect* Occurring in 



% Incidences Discontinuities 


voeybysum PLAVIX. 
Event * Jax9S99J 


Aspirin 
tn*9586J 


itarfy or u IVftp/* - je**r^ ^orJers 
Chest Pain 83 (0.2) 
Accidental Injury" 7„9 (0.1) 
InflucazAlikc symptoms 7*5 (<CU) 
6.4(0,1) 

FanittJe 33(0.1) 


S3 (03) 
73 (0.1) 

7.0 <<au 

— 63 (0.1) 
3.4(0.1) 


Cardiovascular disorders, general 

Edzmz t 4j (<oj) 
Hypertension 43(<0.I> 


AS (<0 1) 
5A (<QA) 


Central & peripheral nervous system disorders 
Headache 7.6(03) 
Dizziness 6.2 (0*2) 


12 (0h2) 
6.7 (03) 


Gastrointestinal system disorders 

Abdominal pain 5,6 (0.7) 
Dyspepsia 52 (0.6) 
Diarrhea 4,5 (0.4) 
Nausea 3,4 { q 5) 


74 (1.0) 
6,1 (0.7) 
3.4 (03) 
3.8 (0.4) 


Metabolic «t nutritional disorders 
Hypercholesterolemia 4.0 (0) 


44 (<0.1) 


Musculoskeletal system disorders 
Arthralgia -$3 (0.1) 
Back Pain ^% <o j) 


6.2 (0J) 
J3(<0.1) 


Platelet, bleeding, £ dotting disorders 
Purpura 53 (03) 
Epistaus 19 (0.2) 


3.7(0.1) 
2.5(0.1) 


Psychiatric disorders 

Depression 3.6(0.1) 


3.9(0.2) 


Respiratory system disorders 

Upper resp tract infection 8.7 (<0.l) 
Dysons* 4.5(0.1) 
Rhinitis 4,2 (0.1) 
Bronchitis 3.7(0.1) 
Cottjphini; 3.1 (<oj> 


S3 (<ai) 

4,7(0.1) 
42 (<0.I) 
3.7(0) 
2.7(<0.1) 


Skin & appendage disorders 

£«h 4,2(03) 
Prunius 33 (03) 


33 (0.2) 
1.6 (0.1) 


Urinary system disorders 

Urinary tract infection 3.1 (0) 


3.5 (0,1) 



is shown in parentheses. 
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Other adverse experiences of potential 
importance occurring in 1% to 2.5% of 
patients receiving PLAV1X in the CAPRIE 
controlled clinical trial are listed below 
regardless of relationship to PLAVK, In 
general, the incidence of these events was 
similar in the aspirin-treated group. 

Autonomic Nervous System Disorders: 
Syncope, Palpitation. Body as a Whole - 
general disorders: Asthenia, Hernia. 
Cardiovascular disorders: Cardiac failure. 
Central and peripheral nervous system 
disorders: Cramps legs, Hypoaesthesia, 
Neuralgia, Paresthesia, Vertigo. Gastro- 
intestinal system disorders: Constipation, 
Vomiting, Heart rate and rhythm disorders: 
Fibrillation atrial. ' Liver and biliary system 
disorders: Hepatic enzymes increased. 
Metabolic and nutritional disorders: Gout, 
hyperuricemia, non-protein nitrogen {NPN> 
increased. Musculoskeletal system disorders* 
Arthritis, Arthrosis. Platelet, bleeding & 
clotting disorders: GI hemorrhage, hematoma, 
platelets decreased. Psychiatric disorders: 
Anxiety, Insomnia- Red blood cell disorders: 
Anemia. Respiratory system disorders: 
Pneumonia, Sinusitis, Skin and appendage 
disorders: Eczema, Skin ulceration. Urinary 
system disorders: Cystitis. Vision disorders: 
Cataract, Conjunctivitis. 



Clopidogrel Bisulfate (SR25990C) 
17 November 1997 Version 



Other potentially serious adverse events which 
may be of clinical interest but were rarely 
reported (<i%) in patients who received 
PLAVIX are listed below regardless of 
relationship to PLAVIX. In general, the 
incidence of these events was similar in the 
aspirin group; 

Body as a whole: Allergic reaction, necrosis 
ischemic. Cardiovascular disorders; Edema 
generalize^ Gastrointestinal system disorders: 
Gastric ulcer perforated, gastritis hemorrhagic, 
upper GI ulcer hemorrhagic. Liver and Biliary 
system disorders: " Bilirubinemia, hepatitis 
infectious, liver fatty. Platelet, bleeding and 
clotting disorders; hemarthrosis, hematuria, 
hemoptysis, hemorrhage intracranial, 
hemorrhage retroperitoneal, hemorrhage of 
operative wound, ocular hemorrhage, 
pulmonary hemorrhage, purpura allergic, 
thrombocytopenia. Red blood cell disorders; 
Anemia aplastic, anemia hypochromic. 
Reproductive disorders, female: Menorrhagia, 
Respiratory system disorders; Hemothorax. 
Skin and appendage disorders: Bullous 
eruption, rash erythematous, rash maculo- 
papular, urticaria. White cell and 
reticuloendothelial system disorders: 
Agranulocytosis, granulocytopenia, leukemia, 
leukopenia, neutrophils decreased. 

OVEft&OSAGE' 

One case of deliberate overdosage with 
PLAVIX was reported in the large, controlled 
clinical study. A 34-year-old woman took a 
single 1,050-mg dose of PLAVIX (equivalent 
to 14 standard 75-mg tablets). There were no 
associated adverse events. No special therapy 
was instituted, and she recovered without 
sequelae. 

No adverse events were reported after single 
oral administration of 600 mg (equivalent to 
8 standard 75-mg tablets) of PLAVIX in 
healthy volunteers. Hie bleeding time was 
prolonged by a factor of L7, which is similar 
to that typically observed with the therapeutic 
dose of 75 mg of PLAVIX per day. 
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A single oral dose of clopidogrel at 1500 or 
2000 mg/kg was iethai to mice and to rats mid 
at 3000 mg/kg to baboons. Symptoms of acute 
toxicity were vomiting (in baboons), 
prostration, difficult breathing, and 
gastrointestinal hemorrhage in all species. 

Recommendations About Specific Treatment: 
Based on biological plausibility, platelet 
transfusion may be appropriate to reverse the 
pharmacological effects of PLAVDC if quick 
reversal re required. 



bO&AiiR ANft AbMIN jjjTRATION r 

The recommended dose of PLAVIX is 75 mg 

once daily with or without food. 

* 

No dosage adjustment is necessary for elderly 
patients or patients with renal disease, (See 
Clinical Pharmacology; Special Populations.) 

HOW SUWMJEE 



PLAVIX is available as a pink, round, 
biconvex, film^coated tablet engraved with 
"75 n on one side. Tablets are provided as 
follows: - 

NDC 63653-1171-4 bottles of 100 
NDC 63653-1171-5 bottles of 500 
NDC 63653-1 171-3 blisters of 100 

Storage 

Store at 25°C (77*F); excursions permitted to 
15°-30°C (59°-&6*F) [see USP Controlled 
Room Temperature] 

Caution: Federal law prohibits dispensing 
without a prescription. 

Manufactured by: 

Sanofi Pharmaceuticals, Inc. 

New York, NY 10016 
Distributed by: 

Bristol-Myers Squibb/ 

Sanofi Pharmaceuticals 

Partnership 

New York, NY 10016 

PLAVDC* is a registered trademark of Sanofi 
Date of Labeling Approval 
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PH(L The European Agency for the Evaluation of Medicinal 
Products 



CPMP/854/98 



COMMITTEE FOR PROPRIETARY MEDICINAL PRODUCTS 
EUROPEAN PUBLIC ASSESSMENT REPORT (EPAR) 

PLAVIX 

International Nonproprietary Name (INN): Clopidogrel 



Abstract 



On 15 July 1998, the European Commission issued a Marketing Authorisation valid throughout the 
European Union for the medicinal product Plavix, which contains clopidogrel. This decision was based 
on the assessment report and the favourable opinion adopted by the Committee for Proprietary 
Medicinal Products (CPMP) on 25 March 1998, The Marketing Authorisation Holder responsible for 
this medicinal product is Sanofi Pharma Bristol-Myers Squibb SNC. 

Clopidogrel;, the active ingredient in Plavix tablets, belongs to a group of medicines called antiplatelet 
medicinal products. Platelets are very small structures, smaller than red or white blood cells, which 
clump together during blood clotting. By preventing this clumping, antiplatelet medicinal products 
reduce the chances of blood clots forming. 

Plavix is indicated for the reduction of atherosclerotic events (myocardial infarction, stroke, death due to 
vascular causes) in patients with a history of symptomatic atherosclerotic disease defined by ischaemic 
stroke (from 7 days until less than 6 months), myocardial infarction (from a few days until less than 35 
days) or established peripheral arterial disease. 

Detailed conditions for the use of this product are described in the Summary of Product Characteristics 
(SPC) which can be found in this EPAR and is available in all European Union official languages. 

This indication is based on the results of one comparative international multicentre clinical trial (the 
"CAPRIE" study, Clopidogrel versus acetyl salicylic acid in patients at risk on ischaemic events) 
involving 19185 patients, comparing clopidogrel with acetyl salicylic acid (ASA). The results showed 
that clopidogrel at a dose of 75 mg once daily significantly reduced the incidence of new ischaemic 
events compared to acetyl salicylic acid (325 mg once daily). The slight but statistically significant 
difference of clopidogrel over acetyl salicylic acid was mainly related to patients enrolled due to 
peripheral arterial disease. 

Clopidogrel was well tolerated, having a safety profile comparable to ASA, but with a better 
gastrointestinal tolerability. Only rash, purpura and diarrhoea were reported with a higher frequency 
with clopidogrel but were rarely severe. 

The CPMP, on the basis of efficacy and safety data submitted considered that Plavix showed adequate 
evidence of efficacy and a satisfactory safety profile, and therefore recommended that the Marketing 
Authorisation should be granted. 



7 Westferry Circus, Canary Wharf, London E14 4HB, UK 
Switchboard: (+44-207) 418 8400 Fax: (+44-207) 418 8613 
E_Mall: mail@emea.eudra.org http:/Awww,eudra,org/emea.htm) 
EMEA 2000 Reproduction and/or distribution of this document is authorised for non commercial purposes only provided the EMEA is acknowledged 
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PLAVIX 75 MG TABLETS 
(CLOPIDOGREL) 



Please read this leaflet carefully. It contains important information about your medicine and your 
medical condition. If you have any questions after reading the leaflet, please talk to your doctor or 
pharmacist. 

The name of this medicine is Plavix, 
What does Plavix contain? 

Each tablet of Plavix tablets contains 75 milligrams (mg) of the active substance called clopidogrel. 
What else do Plavix tablets contain? 

As well as the active substance in Plavix (clopidogrel), the tablets contain a number of other 
ingredients. Some people may be sensitive or allergic to one or more of these ingredients, which are: 
maize (corn) starch, lactose (milk sugar), castor oil, cellulose, macrogol 6000, iron oxide (El 72), 
titanium dioxide (El 71), hypromellose, and carnauba wax. 

What do Plavix tablets look like? 

Plavix tablets are round, pink , engraved on one side with the number «75» and on the other side with 
the number « 1 171 ». They are supplied in cardboard cartons containing 28, 50 and 84 tablets in 
PVC/PVDC blisters or in all aluminium blisters. 

What type of medicine is Plavix? 

Clopidogrel, the active ingredient in Plavix tablets, belongs to a group of medicines called antiplatelet 
medicinal products. Platelets are very small structures, smaller than red or white blood cells, which 
clump together during blood clotting. By preventing this clumping, antiplatelet medicinal products 
reduce the chances of blood clots forming (a process called thrombosis). 

Who is responsible for marketing Plavix? 

Sanofi Pharma Bristol-Myers Squibb SNC 
174 Avenue de France - 75013 Paris - France 

Who manufactures Plavix? 

Plavix is manufactured by: 

Sanofi Winthrop Industrie 1, rue de la Vierge, 33440 Ambar6s, France 
and 

Sanofi Winthrop Ltd, Production Division, Edgefield Avenue, Fawdon 
Newcastle Upon Tyne NE3 3TT, United Kingdom 

What is Plavix used for? 

You have been prescribed Plavix because you have a condition known as hardening of the arteries 
(also known as atherosclerosis). Atherosclerosis results in a narrowing of the blood vessels (arteries) 
and an increased risk of blood clots (thombi). This can lead to a stroke or a heart attack. Plavix is 
taken to prevent blood clots forming in the hardened arteries (a process known as atherothrombosis), 
thus reducing the risk of a stroke or a heart attack. 

This product has been prescribed for you personally and you should not pass it on to others. 

Who should NOT take Plavix ? 
You should not take Plavix: 

• If you have had a bad reaction (allergy) in the past to any of the substances contained in the 

tablets. Please make sure you read «What do Plavix tablets contain?» and «What else do Plavix 
tablets contain?)) 



2/5 



• If you have a medical condition that is causing bleeding such as a stomach ulcer. 

• If you suffer from severe liver disease. 

• If you are breast-feeding. 

If you think you may have any of these problems, or if you are in any doubt at all, consult your doctor 
before taking Plavix. 

What needs to be considered when taking Plavix? 

If any of the following situations apply to you, you should tell your doctor at once: 

• You have had a recent serious injury 

• You have recently undergone surgery (including dental) 

• You have a blood disorder that makes you prone to internal bleeding (bleeding inside any 
tissues^ organs or joints of your body). 

• You have a medical condition that puts you at risk of internal bleeding (such as a stomach 
ulcer) 

• You will be having surgery (including dental) in the next two weeks 

• You are taking another type of medication. This includes aH medications, even those which you 
have purchased yourself without a medical prescription. 

• You have kidney or liver disease 

What if you experience prolonged bleeding when taking Plavix? 

If you cut or injure yourself, it may take slightly longer than usual for bleeding to stop. This is linked 
to the way your medicine works. For minor cuts and injuries e.g. cutting yourself shaving, this is of 
no concern. However, if you are in any doubt at all, you should contact your doctor straightaway. 

What if you take other medicines while you are taking Plavix? 

Some other medicines, whether prescribed by your doctor or bought over the pharmacy counter, may 
interact with the actions of Plavix to have unwanted effects. 

If you are in any doubt about whether you should take another medicine while taking Plavix, please 
see your doctor or pharmacist. 

Other medicines that are not recommended with Plavix; 

• Aspirin (acetylsalicylic acid), when taken for prolonged periods, except when it has been 
specifically recommended by your doctor. An occasional dose of aspirin (no more than 1000 
mg in any 24 hour period) should not cause a problem. 

• Other medicinal products used to reduce blood clotting such as warfarin and heparin, 

• Non-Steroidal Anti-Inflammatory Medicinal products (medicinal products used to treat painful 
and/or inflammatory conditions of muscles or joints) when taken for prolonged periods. 

What if you are pregnant or breast-feeding? 

If you are pregnant or if you are a mother breast-feeding a baby, you should tell your doctor before 
taking Plavix. If you become pregnant while taking Plavix, consult your doctor straightaway. 

Will Plavix have any effects on your ability to drive or operate machinery? 

Your ability to drive or to operate complicated machinery should not be affected by Plavix. 

How should Plavix be taken? 
Adults (including the elderly): 

You should take one 75 mg tablet of Plavix per day, with or without food. You should take your 
medicine regularly and at the same time each day. 

Children and adolescents: 

Plavix is not intended for children or adolescents below the age of 1 8 years, 
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How long should you continue to take Plavix? 

You should take Plavix for as long as your doctor continues to prescribe it. 



What if you take too many Plavix tablets at once? 

If you take an overdose of tablets inform your doctor at once or go to the nearest hospital emergency 
department. A large dose of tablets could put you at risk of serious bleeding, requiring emergency 
treatment. 



What if you miss a dose of Plavix? 

If you forget to take a dose of Plavix, but remember within 12 hours of your usual time, take your 
tablet straightaway and then take your next tablet at the normal time. If you forget for more than 12 
hours simply take the next single dose at the usual time. Do not take a double dose to make up for the 
one you missed. You can check the day on which you last took a tablet of Plavix by referring to the 
calendar printed on the blister. 

What undesirable effects may Plavix cause? 
Occasional side-effects reported with Plavix are: 



• Skin disorders such as rashes and/or 
itching 

• Diarrhoea 

• Abdominal pain 

• Indigestion or heartburn 

• Constipation 

• Nausea 

• Vomiting 



• Dizziness 

• Headache 

• Tingling sensation in hands and feet 

• Bleeding in the stomach or bowels 

• Nose bleeds 

• Bruising 

• Blood in the urine 

• Hepatic and biliary disorders 

• Generalised allergic reactions such as 
swelling of the face, lips and/or tongue, 
shortness of breath. 



Bleeding from blood vessels in the eye and inside the head has been reported in a small number of 

cases. 



If you notice any undesirable effects, including any not mentioned above, tell your doctor or 
pharmacist. 

How long should you keep your Plavix tablets? 

Do not use your tablets after the expiry date stated on the carton and on the blister. 
How should your Plavix tablets be stored? 

Plavix tablets should be stored in a safe place and kept out of the reach of children. Do not leave them 
near a radiator, on a window sill or in a humid place. Do not remove the tablets from the blister pack 
until you are ready to take your medicine. 



Further information: 

For any further information about Plavix, you can contact the local representative of the marketing 
authorisation holder. The name and address of the local representative in each country of the 
European Union is given below: 
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Belgique/Belgie/Belgien 

SANOFI-SYNTHELABO s.a, n.v. 
Avenue de la Metrologie, 5 / 
Metrologielaan, 5 
B-1130 Bruxelles/Brussel/Brussel 
Tel: +32 2 244 10 00 

Danmark 

Sanofi-Synthelabo A/S 
Ringager 4A 
DK-2605 Brsndby 
Tel : +45 43 29 22 00 

Deutschland 

SANOFI-SYNTHELABO GMBH 

Potsdamer Strasse 8 

D-10785 Berlin 

Tel. : +49 30 2575 2000 



Sanofi-Synthelabo 
1° n. . 
GR-19002 

:+30 1 66 98 500 

Espana 

Sanofi-Synthelabo, S.A. 
Edificio Marina Village 
Avda. LitoralMar, 12-14 
5 s Planta 

E-08005 Barcelona 

+ 

France 

Sanofi-Synthelabo France 
174, avenue de France 
F-75013 Paris 
Tel. : +33 8 25 08 83 52 

Ireland 

Sanofi-Synthelabo Ireland 
United Drug House 
Belgard Road 
IRL-Tallaght-Dublin 24 
Tel. : +353 1 462 1853 
Italia 

Sanofi-Synthelabo S.p.A. 
ViaG.B. Piranesi, 38 
1-20137 Milano 
Teh: +39 02 739 41 



Luxembourg/Luxemburg 

Sanofi-Synthelabo s.a. n.v. 
Avenue de la Metrologie, 5 / 
Metrologielaan, 5 
B-1130 Bruxelles/Brussel/BrUssel 
Tel. : +32 2 244 10 00 

Nederland 

Sanofi-Synthelabo B.V. 
Govert van Wijnkade 48 
NL-3144 EG Maassluis 
Tel.: +31 10 59 31 300 

Osterreich 

Sanofi-Synthelabo GmbH. 

Koppstrasse 116 

A-1160Wien 

Tel. : +43 1 49 50 200 0 

Portugal 

Sanofi-Synthelabo - Produtos 

farmaceuticos, SA 

Carrascal de Manique 

P-2765 Alcabideche 

Tel. : +351 21 4458800 

Suomi/Finland 

Oy Sanofi Winthrop Ab 

Vattuniemenranta 21 

Hallonnasstranden 2 

FIN-00210 Helsinki/Helsingfors 

Puh/TeL : +358 9 86 23 33 00 

Sverige 

Sanofi Winthrop AB 

Gustavslundsvagen 139A 

Box 14142 

S-167 14 Bromma 

Tel. : +46 8 470 18 00 

United Kingdom 

Sanofi-Synthelabo 

P.O. Box 597 

Guildford 

Surrey - UK 

Tel. : +44 1483 505515 
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SUMMARY OF PRODUCT CHARACTERISTICS 
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1. NAME OF THE MEDICINAL PRODUCT 

Plavix 75 mg film-coated tablets 



2. QUALITATIVE AND QUANTITATIVE COMPOSITION 

Clopidogrel hydrogen sulphate 97.875 mg (molar equivalent of 75 mg of clopidogrel base) 

3. PHARMACEUTICAL FORM 

Film-coated tablet. 

Plavix 75 mg film-coated tablets are pink, round, biconvex, film-coated, engraved with « 75 » on one 
side and «1 17 1» on the other side. 

4. CLINICAL PARTICULARS 
4.1 Therapeutic indications 

Reduction of atherosclerotic events (myocardial infarction, stroke, death due to vascular causes) in 
patients with a history of symptomatic atherosclerotic disease defined by ischaemic stroke (from 7 days 
until less than 6 months), myocardial infarction (from a few days until less than 35 days) or established 
peripheral arterial disease. 

This indication is based on the results of the CAPRIE study comparing clopidogrel with acetyl salicylic 
acid (ASA). The slight but statistically significant difference of clopidogrel over ASA was mainly 
related to patients enrolled due to peripheral arterial disease. 

For further information please refer to section 4,4 Special warnings and special precautions for use and 

5.1 Pharmacodynamic properties. 

4.2 Posology and method of administration 

• Adults and elderly 

Clopidogrel should be given as a single daily dose of 75 mg with or without food, 

• Children and adolescents 

Safety and efficacy in subjects below the age of 18 have not been established, 

4.3 C ontra-indications 

Hypersensitivity to the active substance or any component of the medicinal product. 
Severe liver impairment. 

Active pathological bleeding such as peptic ulcer or intracranial haemorrhage. 
Breast-feeding (see 4.6 Use during pregnancy and lactation). 
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4.4 Special warnings and special precautions for use 

In patients with acute myocardial infarction, clopidogrel therapy should not be initiated within the first 
few days following myocardial infarction. 

In view of the lack of data, clopidogrel cannot be recommended in unstable angina, PTCA (stenting), 
CABG and acute ischaemic stroke (less than 7 days). 

As with other anti-platelet agents, clopidogrel should be used with caution in patients who may be at risk 
of increased bleeding from trauma, surgery or other pathological conditions. If a patient is to undergo 
elective surgery and an antiplatelet effect is not desired, clopidogrel should be discontinued 7 days prior 
to surgery. 

Clopidogrel prolongs bleeding time and should be used with caution in patients who have lesions with a 
propensity to bleed (particularly gastrointestinal and intraocular). 

Patients should be told that it may take longer than usual to stop bleeding when they take clopidogrel, 
and that they should report any unusual bleeding to their physician. Patients should inform physicians 
and dentists that they are taking clopidogrel before any surgery is scheduled and before any new drug is 
taken. 

Therapeutic experience with clopidogrel is limited in patients with renal impairment. Therefore 
clopidogrel should be used with caution in these patients. 

Experience is limited in patients with moderate hepatic disease who may have bleeding diatheses. 
Clopidogrel should therefore be used with caution in this population. 

The concomitant administration of clopidogrel with warfarin is not recommended since it may increase 
the intensity of bleedings. 

In view of the possible increased risk of bleeding, the concomitant adrninistration of clopidogrel with 
ASA, non-steroidal anti-inflammatory drugs, heparin, or thrombolytics should be undertaken with 
caution (see 4.5 Interaction with other medicinal products and other forms of interaction). 

Drugs that might induce gastrointestinal lesions (such as Non-Steroidal Anti-Inflammatory Drugs) 
should be used with caution in patients taking clopidogrel (see 4.5 Interaction with other medicinal 
products and other forms of interaction). 

4.5 Interaction with other medicinal products and other forms of interaction 

Warfarin; see 4.4 Special warnings and special precautions for use. 

Acetylsalicylic acid (ASA): ASA did not modify the clopidogrel-mediated inhibition of 
ADP-induced platelet aggregation, but clopidogrel potentiated the effect of ASA on collagen-induced 
platelet aggregation. However, concomitant adrninistration of 500 mg of ASA twice a day for one day 
did not significantly increase the prolongation of bleeding time induced by clopidogrel intake, The 
safety of the chronic concomitant administration of ASA and clopidogrel has not been established (see 
4.4 Special warnings and special precautions for use). 

Heparin: in a clinical study conducted in healthy subjects, clopidogrel did not necessitate modification 
of the heparin dose or alter the effect of heparin on coagulation. Co-administration of heparin had no 
effect on the inhibition of platelet aggregation induced by clopidogrel However, the safety of this 
combination has not been established and concomitant use should be undertaken with caution (see 4.4 
Special warnings and special precautions for use). 
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Thrombolytics: the safety of the concomitant administration of clopidogrel, rt-PA and heparin was 
assessed in patients with recent myocardial infarction. The incidence of clinically significant bleeding 
was similar to that observed when rt-PA and heparin are co-administered with ASA. The safety of the 
concomitant administration of clopidogrel with other thrombolytic agents has not been established and 
should be undertaken with caution (see 4.4 Special warnings and special precautions for use). 

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs): in a clinical study conducted in healthy 
volunteers, the concomitant administration of clopidogrel and naproxen increased occult gastrointestinal 
blood loss. However, due to the lack of interaction studies with other NSAIDs it is presently unclear 
whether there is an increased risk of gastrointestinal bleeding with all NSAIDs. Consequently, NSAIDs 
and clopidogrel should be co-administered with caution (see 4.4 Special warnings and special 
precautions for use). 

Other concomitant therapy: a number of other clinical studies have been conducted with clopidogrel 
and other concomitant medications to investigate the potential for pharmacodynamic and 
pharmacokinetic interactions. No clinically significant pharmacodynamic interactions were observed 
when clopidogrel was co-acfoiinistered with atenolol, nifedipine, or both atenolol and nifedipine. 
Furthermore, the pharmacodynamic activity of clopidogrel was not significantly influenced by the co- 
administration of phenobarbital, cimetidine, or oestrogen. 

The pharmacokinetics of digoxin or theophylline were not modified by the co-ad^ninistration of 
clopidogreL Antacids did not modify the extent of clopidogrel absorption. 

Data from studies with human liver microsomes indicated that the carboxylic acid metabolite of 
clopidogrel could inhibit the activity of Cytochrome P450 2C9, This could potentially lead to increased 
plasma levels of drugs such as phenytoin and tolbutamide and the NSAIDs which are metabolised by 
Cytochrome P450 2C9. Data from the CAPRIE study indicate that phenytoin and tolbutamide can be 
safely coadiriinistered with clopidogrel. 

4.6 Use during pregnancy and lactation 

• Pregnancy 

Reproduction studies performed in rats and in rabbits revealed no evidence of impaired fertility or harm 
to the foetus due to clopidogreL There are, however, no adequate and well-controlled studies in pregnant 
women. In view of the lack of data, clopidogrel is not recommended during pregnancy. 

• Lactation 

Studies in rats have shown that clopidogrel and/or its metabolites are excreted in the milk. It is not 
known whether this medicinal product is excreted in human milk (see 4.3 Contra-indications). 

4.7 Effects on ability to drive and use machines 

No impairment of driving or psychometric performance was observed following clopidogrel 
administration. 

4.8 Undesirable effects 

Clopidogrel has been evaluated for safety in more than 1 1,300 patients, including over 7,000 patients 
treated for 1 year or more. Clopidogrel 75 mg/day was well tolerated compared to ASA 325 mg/day in a 
large controlled clinical trial (CAPRIE). The overall tolerability of clopidogrel in this study was similar 
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to ASA, regardless of age, gender and race. The clinically relevant adverse effects observed in CAPRIE 
are discussed below. 

Haemorrhagic disorders: in patients treated with either clopidogrel or ASA, the overall incidence of 
any bleeding was 9,3%, The incidence of severe cases was 1.4% for clopidogrel and 1.6% for ASA. 
In patients that received clopidogrel, gastrointestinal bleeding occurred at a rate of 2,0%, and required 
hospitalisation in 0.7%. In patients that received ASA, the corresponding rates were 2.7% and 1,1%, 
respectively. 

The incidence of other bleeding was higher in patients that received clopidogrel compared to ASA 
(7.3% vs. 6.5%). However, the incidence of severe events was similar in both treatment groups 
(0.6% vs. 0.4%). The most frequently reported events in both treatment groups were ; 
purpura/bruising/haematoma, and epistaxis. Other less frequently reported events were haematoma, 
haematuria, and eye bleeding (mainly conjunctival). 

The incidence of intracranial bleeding was 0.4% in patients that received clopidogrel and 0.5% for 
patients that received ASA . 

Haematological: severe neutropaenia (<0.45 x 10 9 /1) was observed in 4 patients (0.04%) that received 
clopidogrel and 2 patients (0.02%) that received ASA. Two of the 9599 patients who received 
clopidogrel and none of the 9586 patients who received ASA had neutrophil counts of zero. One case of 
aplastic anaemia occurred on clopidogrel treatment. 

The incidence of severe thrombocytopaenia (<80 x 10 9 /1) was 0.2% on clopidogrel and 0,1% on ASA ; 
very rare cases of platelet count <30 x 1 0 9 /l have been reported. 

Gastrointestinal: the overall, incidence of gastrointestinal events (e.g. abdominal pain, dyspepsia, 
gastritis and constipation) was significantly lower in patients treated with clopidogrel compared to ASA 
(27.1% vs. 29.8% ). In addition, the number of events resulting in early permanent discontinuation was 
lower in the clopidogrel group compared to ASA (3.2% vs. 4.0%). However, the incidence of adverse 
events judged as clinically severe were not statistically different in the groups (3.0% vs. 3.6%). The 
most frequently reported events in both treatment groups were: abdominal pain, dyspepsia, diarrhoea, 
and nausea. Other less frequently reported events were constipation, tooth disorder, vomiting, flatulence 
and gastritis. 

Cases of diarrhoea were reported at a significantly higher frequency in patients taking clopidogrel 
compared to ASA (4.5% vs. 3,4%). The incidence of severe diarrhoea was similar in both treatment 
groups (0.2% vs. 0,1%). The incidence of peptic, gastric or duodenal ulcers was 0.7% for clopidogrel 
and 1.2% for ASA. 

Skin and appendage disorders: the overall incidence of skin and appendage disorders in patients taking 
clopidogrel was significantly higher (15.8%) compared to ASA (13,1%). The incidence of severe events 
was similar in both treatment groups (0.7% vs. 0.5%). 

There were significantly more patients with rash in the clopidogrel group compared to the ASA group 
(4.2% vs. 3.5%). More patients reported pruritus in the clopidogrel group compared to ASA (3.3% vs. 
1.6%). 

Central and peripheral nervous system disorders : the overall incidence of central and peripheral 
nervous system disorders (e.g. headache, dizziness, vertigo and paraesthesia) was significantly lower in 
patients taking clopidogrel compared to ASA (22.3% vs. 23.8%). 

Hepatic and biliary disorders : the overall incidence of hepatic and biliary disorders was similar in 
patients treated with clopidogrel compared to ASA (3.5% vs. 3.4%). 

Post-marketing experience : The post-marketing experience confirms the safety profile defined during 
the clinical development ; hypersensitivity reactions have been reported : these mainly include skin 
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reactions (maculopapular or erythematous rash, urticaria....) and/or pruritus. Very rare cases of 
bronchospasm, angioedema or anaphylactoid reactions have been observed. 

As part of the marketing experience, very rare cases of Thrombotic Thrombocytopenic Purpura (TTP) 
(1/200.000 exposed patients) have been reported. 
4.9 Overdose 

One case of deliberate overdosage with clopidogrel has been reported A 34 year old woman took a 
single 1,050 mg dose of clopidogrel (equivalent to 14 standard 75 mg tablets). There were no associated 
undesirable effects. No special therapy was instituted and she recovered without sequelae. 
No adverse events were reported after single oral administration of 600 mg (equivalent to 8 standard 75 
mg tablets) of clopidogrel to healthy subjects. The bleeding time was prolonged by a factor of 1 .7 which 
is similar to that typically observed with the therapeutic dose of 75 mg per day. 

No antidote to the pharmacological activity of clopidogrel has been found If prompt correction of 
prolonged bleeding time is required, platelet transfusion may reverse the effects of clopidogrel. 

5. PHARMACOLOGICAL PROPERTIES 
5.1 Pharmacodynamic properties 

Pharmacotherapeutical group: platelet aggregation inhibitors excl. Heparin, ATC Code: BO 1 AC/04. 

Clopidogrel selectively inhibits the binding of adenosine diphosphate (ADP) to its platelet receptor, and 
the subsequent ADP -mediated activation of the GPIIb/HIa complex, thereby inhibiting platelet 
aggregation. Biotransformation of clopidogrel is necessary to produce inhibition of platelet aggregation. 
Clopidogrel also inhibits platelet aggregation induced by other agonists by blocking the amplification of 
platelet activation by released ADP. Clopidogrel acts by irreversibly modifying the platelet ADP 
receptor. Consequently, platelets exposed to clopidogrel are affected for the remainder of their lifespan 
and recovery of normal platelet function occurs at a rate consistent with platelet turnover. 

Repeated doses of 75 mg per day produced substantial inhibition of ADP-induced platelet aggregation 
from the first day; this increased progressively and reached steady state between Day 3 and Day 7, At 
steady state, the average inhibition level observed with a dose of 75 mg per day was between 40% and 
60%. Platelet aggregation and bleeding time gradually returned to baseline values, generally within 5 
days after treatment was discontinued 

The safety and efficacy of clopidogrel in preventing vascular ischaemic events have been evaluated in a 
blinded comparison with ASA (CAPRIE, Clopidogrel versus ASA in Patients at Risk of Ischaemic 
Events). This study included 19,1 85 patients with atherothrombosis as manifested by recent myocardial 
infarction (<35 days), recent ischaemic stroke (between 7 days and 6 months) or established peripheral 
arterial disease (PAD), Patients were randomised to clopidogrel 75 mg/day or ASA 325 mg/day, and 
were followed for 1 to 3 years. In the myocardial infarction subgroup, most of the patients received 
ASA for the first few days following the acute myocardial infarction. 

Clopidogrel significantly reduced the incidence of new ischaemic events (combined end point of 
myocardial infarction, ischaemic stroke and vascular death) when compared to ASA. In the intention to 
treat analysis, 939 events were observed in the clopidogrel group and 1,020 events with ASA (relative 
risk reduction (RRR) 8.7%, [95% CI: 0.2 to 16.4] ; p = 0.045), which corresponds, for every 1000 
patients treated for 2 years, to 10 [CI: 0 to 20] additional patients being prevented from experiencing a 
new ischaemic event. Analysis of total mortality as a secondary endpoint did not show any significant 
difference between clopidogrel (5.8%) and ASA (6.0%). 

In a subgroup analysis by qualifying condition (myocardial infarction, ischaemic stroke, and PAD) the 
benefit appeared to be strongest (achieving statistical significance at p = 0.003) in patients enrolled due 
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to PAD (especially those who also had a history of myocardial infarction) (RRR = 23.7% ; CI: 8.9 to 
36.2) and weaker (not significantly different from ASA) in stroke patients (RRR « 7.3% ; CI: -5.7 to 
1 8.7). In patients who were enrolled in the trial on the sole basis of a recent myocardial infarction, 
clopidogrel was numerically inferior, but not statistically different from ASA (RRR = -4.0% ; CI: -22.5 
to 1 1.7). In addition, a subgroup analysis by age suggested that the benefit of clopidogrel in patients 
over 75 years was less than that observed in patients <75 years 

Since the CAPRIE trial was not powered to evaluate efficacy of individual subgroups, it is not clear 
whether the differences in relative risk reduction across qualifying conditions are real, or a result of 
chance. 

5.2 Pharmacokinetic properties 

After repeated oral doses of 75 mg per day, clopidogrel is rapidly absorbed. However, plasma 
concentrations of the parent compound are very low and below the quantification limit (0.00025 mg/1) 
beyond 2 hours. Absorption is at least 50%, based on urinary excretion of clopidogrel metabolites. 

Clopidogrel is extensively metabolised by the liver and the main metabolite, which is inactive, is the 
carboxylic acid derivative which represents about 85% of the circulating compound in plasma. Peak 
plasma levels of this metabolite (approx, 3mg/l after repeated 75 mg oral doses) occurred approximately 
1 hour after dosing. 

Clopidogrel is a prodrug. The active metabolite, a thiol derivative, is formed by oxidation of 
clopidogrel to 2-oxo-clopidogrel and subsequent hydrolysis. The oxidative step is regulated primarily by 
Cytochrome P 450 isoenzymes 2B6 and 3A4 and to a lesser extent by 1A1, 1A2 and 2C19. The active 
thiol metabolite, which has been isolated in vitro, binds rapidly and irreversibly to platelet receptors, 
thus inhibiting platelet aggregation. This metabolite has not been detected in plasma. 

The kinetics of the main circulating metabolite were linear (plasma concentrations increased in 
proportion to dose) in the dose range of 50 to 150 mg of clopidogrel. 

Clopidogrel and the main circulating metabolite bind reversibly in vitro to human plasma proteins (98% 
and 94% respectively). The binding is non-saturable in vitro over a wide concentration range. 

Following an oral dose of 14 C-labelled clopidogrel in man, approximately 50% was excreted in the urine 
and approximately 46% in the faeces in the 120 hour interval after dosing. The elimination 
half-life of the main circulating metabolite was 8 hours after single and repeated administration. 

After repeated doses of 75 mg clopidogrel per day, plasma levels of the main circulating metabolite were 
lower in subjects with severe renal disease (creatinine clearance from 5 to 15 ml/min) compared to 
subjects with moderate renal disease (creatinine clearance from 30 to 60 ml/min) and to levels observed 
in other studies with healthy subjects. Although inhibition of ADP-induced platelet aggregation was 
lower (25%) than that observed in healthy subjects, the prolongation of bleeding was similar to that seen 
in healthy subjects receiving 75 mg of clopidogrel per day. In addition, clinical tolerance was good in all 
patients. 

The pharmacokinetics and pharmacodynamics of clopidogrel were assessed in a single and multiple dose 
study in both healthy subjects and those with cirrhosis (Child-Pugh class A or B). Daily dosing for 10 
days with clopidogrel 75 mg/day was safe and well tolerated. Clopidogrel C ma x for both single dose and 
steady state for cirrhotics was many fold higher than in normal subjects. However, plasma levels of the 
main circulating metabolite together with the effect of clopidogrel on ADP-induced platelet aggregation 
and bleeding time were comparable between these groups. 

5.3 Preclinical safety data 
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During preclinical studies in rat and baboon, the most frequently observed effects were liver changes. 
These occurred at doses representing at least 25 times the exposure seen in humans receiving the clinical 
dose of 75 mg/day and were a consequence of an effect on hepatic metabolising enzymes. No effect on 
hepatic metabolising enzymes were observed in humans receiving clopidogrel at the therapeutic dose. 
At very high doses, a poor gastric tolerability (gastritis, gastric erosions and/or vomiting) of clopidogrel 
was also reported in rat and baboon. 

There was no evidence of carcinogenic effect when clopidogrel was administered for 78 weeks to mice 
and 104 weeks to rats when given at doses up to 77 mg/kg per day (representing at least 25 times the 
exposure seen in humans receiving the clinical dose of 75 mg/day). 

Clopidogrel has been tested in a range of in vitro and in vivo genotoxicity studies, and showed no 
genotoxic activity. 

Clopidogrel was found to have no effect on the fertility of male and female rats and was not teratogenic 
in either rats or rabbits. When given to lactating rats, clopidogrel caused a slight delay in the 
development of the offspring. Specific pharmacokinetic studies performed with radiolabeled clopidogrel 
have shown that the parent compound or its metabolites are excreted in the milk. Consequently, a direct 
effect (slight toxicity), or an indirect effect (low palatability) cannot be excluded. 

6. PHARMACEUTICAL PARTICULARS 

6.1 List of excipients 

Core: 

Anhydrous lactose 
Modified maize starch 
Macrogol 6000 
Microcrystalline cellulose 
Hydrogenated castor oil 

Coating: 
Hypromellose 
Macrogol 6000 
Titanium dioxide (E171) 
Red iron oxide (El 72) 
Carnauba wax 

6.2 Incompatibilities 

Not applicable 

6.3 Shelf-life 

Three years 

6.4 Special precautions for storage 
No special precautions for storage 

6.5 Nature and content of container 

28, 50, and 84, tablets packed in PVC/PVDC blisters or in all aluminium blisters in cardboard cartons. 
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6.6 Instruction for use and handling, and disposal (if appropriate) 

Not applicable 

7. MARKETING AUTHORISATION HOLDER 

Sanofi Pharma Bristol-Myers Squibb SNC 
174 Avenue de France 
75013 Paris - France 



8. NUMBER IN THE COMMUNITY REGISTER OF MEDICINAL PRODUCTS 

EU/l/98/069/001a - Cartons of 28 tablets in PVC/PVDC blisters 
EU/l/98/069/001b - Cartons of 28 tablets in all aluminium blisters 
EU/l/98/069/002a - Cartons of 50 tablets in PVC/PVDC blisters 
EU/l/98/069/002b - Cartons of 50 tablets in all aluminium blisters 
EU/l/98/069/003a - Cartons of 84 tablets in PVC/PVDC blisters 
EU/l/98/069/003b- Cartons of 84 tablets in all aluminium blisters 



9. DATE OF FIRST AUTHORISATION/RENEWAL OF THE AUTHORISATION 

15 July 1998 

10. DATE OF REVISION OF THE TEXT 



9/9 



LABELLING 



1/5 



Outer packaging text 

PLAVIX 75 mg, film-coated tablet 

Clopidogrel 

Each tablet contains: 

Clopidogrel 75 mg present as clopidogrel hydrogen sulphate. 
Excipients including lactose, colouring agents (E171, El 72) 

28 film-coated tablets 

Before use, please see package leaflet. 

Keep out of the reach of children. 

Medicinal product subject to medical prescription. 

For oral use. 

Expiry date: 

Batch number: 

EU/1/ 

Marketing Authorisation Holder: 

Sanofi Pharma Bristol-Myers Squibb SNC 

174 Avenue de France - 75013 Paris - France 



2/5 



Outer packaging text 

PLAVIX 75 mg, film-coated tablet 

Clopidogrel 

Each tablet contains: 

Clopidogrel 75 mg present as clopidogrel hydrogen sulphate. 
Excipients including lactose, colouring agents (E171, El 72) 

50 film-coated tablets 

Before use, please see package leaflet. 

Keep out of the reach of children. 

Medicinal product subject to medical prescription. 

For oral use. 

Expiry date: 

Batch number: 

EU/1/ 

Marketing Authorisation Holder: 

Sanofi Pharma Bristol-Myers Squibb SNC 

174 Avenue de France - 75013 Paris - France 
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Outer packaging text 

PLAVLX 75 mg ? film-coated tablet 

Clopidogrel 

Each tablet contains: 

Clopidogrel 75 mg present as clopidogrel hydrogen sulphate, 
Excipients including lactose, colouring agents (E171, El 72) 

84 film-coated tablets 

Before use, please see package leaflet. 

Keep out of the reach of children. 

Medicinal product subject to medical prescription. 

For oral use. 

Expiry date: 

Batch number: 

EU/1/ 

Marketing Authorisation Holder: 

Sanofi Pharma Bristol-Myers Squibb SNC 

174 Avenue de France - 75013 Paris - France 
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Blister text 

PLAVIX 75 mg film-coated tablets 
Clopidogrel 

Sanofi Pharma Bristol-Myers Squibb SNC 
Expiry date: 
Batch number: 



SCIENTIFIC DISCUSSION 



Name of the medicinal product: 
Marketing Authorisation Holder: 
Active substance: 

International Nonproprietary Name: 

Pharmaco-therapeutic group 
(ATCCode): 

Therapeutic indication^): 



Plavix 75 mg film coated tablets 
Sanofi Pharma Bristol-Myers Squibb SNC 
174 Avenue de France 
75013 Paris -France 

Clopidogrel hydrogen sulphate 

Clopidogrel 



Platelet aggregation inhibitors excl Heparin, 
ATCCode:B01 AC04 



Reduction of atherosclerotic events (myocardial 
infarction, stroke, death due to vascular causes) in 
patients with a history of symptomatic atherosclerotic 
disease defined by ischaemic stroke (from 7 days until 
less than 6 months), myocardial infarction (from a few 
days until less than 35 days) or established peripheral 
arterial disease. 

This indication is based on the results of the CAPRIE 
study comparing clopidogrel with acetyl salicylic acid 
(ASA). The slight but statistically significant 
difference of clopidogrel over ASA was mainly related 
to patients enrolled due to peripheral arterial disease. 
For further information please refer to section 4.4 
Special warnings and special precautions for use and 
5.1 Pharmacodynamic properties. 
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1. Introduction 

Atherosclerosis is a major pathological process causing death and disability in the Western World, The 
initial clinical presentation of the atherosclerotic disease depends upon the vascular bed where the 
atherosclerotic process is the most advanced. 

Therapeutic interventions are usually aimed at the vascular territory causing the clinically symptomatic 
disease. 

Patients who suffered from an ischaemic event such as myocardial infarction, stroke or who have 
peripheral arterial disease with intermittent claudication, represent a group who is at the highest risk of 
further atherosclerotic/thrombotic events. Prevention of vascular ischaemic events can be achieved with 
oral anticoagulation or through inhibition of platelet aggregation. Furthermore life style modifications 
are encouraged (dietary changes, lipid control, exercise and smoking cessation). 

Inhibition of platelet aggregation with acetyl salicylic acid (ASA), besides being more practical and 
safer than anticoagulation, has been shown to be effective. The meta-analysis conducted by the 
Antiplatelet Trialists' Collaboration (APTC) included 145 randomised trials, involving 100,000 patients 
at risk of vascular events. Of these, over 70,000 were considered high-risk- The results showed a risk 
reduction of 25% of vascular events in all high-risk subgroups. The doses of ASA were in the range of 
75 to 325 mg daily. There is no evidence that higher doses of ASA confer an increased benefit 

When considering such long-term therapy, the safety and tolerability of the anti-platelet agent is a major 
consideration. ASA is associated with an increased risk of gastrointestinal ulceration and haemorrhage. 
Ticlopidine, another commonly used antiplatelet agent, has a higher rate of diarrhoea and rash versus 
ASA which albeit not clinically serious, can cause drug withdrawal. Although infrequently, ticlopidine 
causes neutropaenia and thrombocytopaenia which can be serious and usually appear in the first three 
months of long-term therapy. 

Plavix tablets contain clopidogrel, a new thienopyridine molecule analogue of ticlopidine, which has 
been developed as an inhibitor of platelet aggregation for use in the prevention of vascular ischaemic 
events in patients with established atherosclerotic disease. 

2. Part II: Chemical and pharmaceutical aspects 
Composition 

Plavix is formulated as conventional tablets containing 97.9 mg of clopidogrel hydrogen sulphate 
equivalent to 75 mg of clopidogrel base, and conventional excipients. The final formulation was 
optimised from different tablet and one capsule formulations used in early clinical trials. 

The medicinal product is supplied in clear or opaque PVC/PVDC blister packs sealed with aluminium 
foil or all aluminium blisters packs in cardboard cartons of 28, 50, and 84 tablets. 

Pharmaceutical development 

Clopidogrel is the S-enantiomer of a new thienopyridine molecule analogue containing one single chiral 
centre. The chemical stability and compatibility of different excipients with four different clopidogrel 
salts were investigated The final choice was given to clopidogrel hydrogen sulphate, which has optimal 
stability and compatibility. 

The first pharmaceutical formulation used in the clinical trials was a capsule. In view of marketing, a 
tablet form was developed and was film-coated to mask the very bitter taste of the drug substance. The 
tablet formulation intended for marketing was considered to be optimal. Further slight modifications 
were introduced after the final bioequivalence study, but these did not affect the tablets dissolution 
characteristics. 
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Method of preparation 

The manufacturing formula for the film-coated tablets was provided. Validation data from 35 semi- 
industrial batches and 1 industrial batch demonstrated that the manufacturing process is under control 
and ensures both, batch to batch reproducibility and compliance with specifications. 

Control of starting materials 

The synthetic pathway is presented as a Drug Master File. The manufacturers of the active substance 
are Sanofi Chimie and Orgamol LTD companies. The analytical methods used to control starting 
materials as well as intermediates of synthesis are acceptable and identical for both manufacturers. The 
impurity profile is well characterised and in line with current ICH guidelines. All other ingredients 
entering in the preparation of the tablets are adequately controlled. 

The synthetic route, control tests and specifications of clopidogrel hydrogen sulphate are acceptable and 
identical for both manufacturers. The quality of the active substance is guaranteed by the established 
specifications and the proposed analytical methods are adequately validated. 

Control tests on the finished product 

The analytical methods are suitable to ensure consistent quality of the finished product. No degradation 
products have been detected upon storage. 

Stability 

Drug substance 

Results from primary stability studies and additional stability data provided (3 semi and industrial 
batches, 24 months at 25°C/60% RH and at 30°C/60% RH) support a retest period of 3 years. 

Finished product 

Results from primary stability studies performed on 3 batches for 36 months at 25°C/60% RH, together 
with supportive stability studies clearly justifies the 3 years shelf-life. The end of shelf-life 
specifications were adjusted to tightened values following discussion with the company. The company 
submitted data available at three years stability studies at 25°C/60% RH, 

3. Part III: Pharmacological and toxicological aspects 
Pharmacodynamics 

The antiaggregating activity was evaluated in ex vivo and in vitro models. Oral and intravenous 
administration of clopidogrel inhibited the ex vivo ADP (adenosine diphosphate) induced aggregation of 
platelets, thereby affecting ADP-dependent activation of the GPHb-IIIa complex, the major receptor for 
fibrinogen on the platelet surface. This effect was observed in all animal species investigated (mouse, 
rat, rabbit and baboon). The R-enantiomer was completely inactive and the S-enantiomer was 
approximately twice more potent than the racemic mixture. No effect on platelet aggregation was 
observed when clopidogrel was tested in vitro. Biotransformation of clopidogrel is necessary to produce 
inhibition of platelet aggregation. 

Clopidogrel exerted an antithrombotic action in various models of thrombosis in rats with a potency at 
least 50-fold higher than that of ticlopidine. The R-enantiomer of clopidogrel was devoid of any 
protective action. 

The mechanism of the antiaggregating action is related to the specific inhibition of ADP (adenosine 
diphosphate) receptors on platelets. In vitro studies showed that following incubation of clopidogrel 
with rat liver microsomes, an active metabolite is generated which binds to platelet ADP receptors, thus 
inhibiting platelet aggregation induced by ADP. This metabolite has been isolated and its structure 
characterised as a thiol derivative of 2-oxo clopidogrel. The irreversible modification of the ADP- 
receptor site could be explained by the formation of a disulfur bridge between the reactive thiol and a 
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cysteine residue of a platelet protein. The company was asked to comment further on the identity of the 
active metabolite, the site of, and the enzymes involved in* the metabolic activation of clopidogrel. This 
issue, and its relevance in terms of efficacy and possible interactions was further discussed during the 
hearing held on 24 lh February 1998. The CPMP considered that this issue had been satisfactorily 
addressed by the company and that it was resolved. 

Low levels of the R-enantiomer were detected in mice, rats and baboons. This racemisation of S- 
enantiomer was observed in vivo, and comparative toxicology studies revealed that clopidogrel was less 
toxic than the racemic compound and the R-enantiomer. Metabolic inversion was, however, 
insignificant in human subjects. 

Safety pharmacology studies did not reveal any relevant effects to the central nervous, cardiovascular, 
respiratory, gastrointestinal and renal systems. 

Pharmacokinetics 

Metabolism and disposition of clopidogrel were assessed from several in vitro and in vivo studies. 

Studies conducted in the rat with 14 C-labeIled clopidogrel showed that 60% of clopidogrel was absorbed 
in the intestine within 60 minutes. Clopidogrel undergoes extensive first-pass metabolism and the main 
metabolite found in plasma, the carboxylic acid derivative, is inactive. The peak plasma concentration 
values were observed 1 to 2 hours after dosing. Administration with food decreased the maximal plasma 
concentration, but did not affect the AUC. 

An extensive binding of clopidogrel and the main circulating metabolite to plasma proteins was 
observed (87% in mice, 95% in rats and 92% in baboons). Plasma radioactivity was partly covalently 
bound to plasma proteins, and in the baboon the decrease of this binding was characterised by a half-life 
of approximately 8 days. Clopidogrel and its carboxylic acid derivative showed little affinity for red 
blood cells (<20 %). 

Clopidogrel was widely distributed in the tissues. In a repeated dose study in rats, accumulation of 
radioactivity in most of the organs raised over the duration of the study (21 days). Radioactivity was 
slowly eliminated from the tissues, but 21 days after the suspension of clopidogrel several tissues 
(arterial wall, thyroid gland, cartilage, skin, spleen) maintained radioactivity levels similar to those 
observed on the last day of administration. 

Clopidogrel undergoes extensive metabolism. Twenty metabolites were identified. The main circulating 
compound was the carboxylic acid derivative of clopidogrel (SR 26334), which is inactive. 

The major route of elimination is biliary. The majority of radioactivity was excreted within 48 hours. A 
significant entero-hepatic recirculation of radioactivity was observed. It accounted for 45-95% of 
clopidogrel derived activity and had no effect on platelet aggregation. 

In lactating rats, clopidogrel and/or its metabolites levels in milk were 0,5 to 2.6 times higher than the 
maternal plasma levels. Transfer of the radioactivity to the developing foetus was observed in pregnant 
rats. 

Toxicology 

Single dose toxicity of clopidogrel was evaluated in the rat, mouse and in the baboon. Repeated dose 
toxicity by the oral route were conducted in the mouse for up to 3 months, in the rat for up to 52 weeks 
and in the baboon for up to one year. 

After single oral administration to rats, mice and baboons, toxicity occurred only at very high doses. 
The target organs were mainly the gastrointestinal tract, the kidney and the lung. After intravenous 
administration to rats and mice, the main target organs were the kidney and the lung. 

The toxicity on the digestive tract was also shown in the repeated dose toxicity studies; in particular in 
rats and baboons treated orally with high doses (from 400 mg/kg/day and upwards). 

The main toxicological finding at doses up to 400 mg/kg/day corresponded to increased liver weight 
associated with hypertrophy of the smooth endoplasmic reticulum in centrilobular hepatocytes 
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corresponding to an effect on hepatic enzymes. The no-effect level, based on increased liver weight, 
were 27 mg/kg/day in rats and 65 mg/kg/day in baboons and correspond to an exposure of at least 7 
times (rats) and more than 10 times (baboons) higher than that observed in humans at the recommended 
therapeutic dose 

A slight decrease in heart rate and a slight increase in QT interval were observed in rats and baboons at 
very high doses (1,000 mg/kg/day in rats ? and 400 mg/kg/day in baboons). However, there was no 
prolongation of QTc-interval. An in vitro electrophysiological study on rabbit Purkinje fibres was 
submitted with the responses to the consolidated list of questions. Although the results did not reveal a 
proarrhythmic potential, the highest concentration tested (~ 9.6 mg/1) was only three times the C roa x 
obtained in humans with the therapeutic dose (~ 2.7 mg/1). This issue and its clinical relevance were 
further discussed during the hearing held on 24 th February 1998. The CPMP considered that this issue 
had been satisfactorily addressed by the company and that it was resolved. 

The R-enantiomer of clopidogrel revealed a higher toxicity than the active compound, namely on the 
central nervous system. The impact of the toxicity of this impurity on the overall toxicological profile of 
clopidogrel formulation seems to be minor due to its low concentration in the test compound. 
Furthermore, there is no evidence of epimerisation in man. 

The reproduction toxicity studies in rats and rabbits did not reveal any teratogenic or faetotoxic 
potential for clopidogrel even at borderline maternally toxic doses, Male and female fertility, growth and 
development of the FI offspring were not affected. High doses of clopidogrel induced a slight delay in 
the development of the offspring of lactating rats possibly due to the effect of the drug excreted in the 
lactating milk. The effect was reversible after weaning. In the light of these findings, and in the absence 
of significant experience in pregnant women, clopidogrel is contraindicated during breast-feeding and 
not recommended during pregnancy. 

A battery of in vitro studies and one in vivo mouse micronucleus assay did not reveal any mutagenic, 
genotoxic or clastogenic potential of clopidogrel. No immunogenic, antigenic, phototoxic or 
photoallergenic potential was observed. 

The carcinogenic potential of clopidogrel was investigated in two life-span studies in the rat and in the 
mouse. Both studies were negative. The company was requested to discuss the clinical relevance of the 
increased incidence of thyroid cysts observed in the rat carcinogenicity study taking into account the 
high level of sustained radioactivity observed in the thyroid gland in the tissue distribution studies. The 
company stated that developmental cysts are embryonic vestiges and do not represent lesions with 
neoplastic potential. This explanation was considered satisfactory. 

4. Part IV: Clinical aspects 

The clinical documentation includes an extensive clinical programme of 51 clinical pharmacology 
studies involving 1,150 subjects and one comparative international multicentre clinical trial (the 
"CAPRIE" study, Clopidogrel versus ASA in Patients at Risk of Ischaemic Events) involving 19,185 
patients. 

Human pharmacology 

The pharmacodynamic effects of clopidogrel in humans were evaluated in several studies both in 
healthy subjects and in patients, after single or repeated administration. The selection of the dose was 
based on two surrogate markers of pharmacological activity, inhibition of ADP-induced platelet 
aggregation and prolongation of bleeding time. 

The precise correlation between the degree of inhibition of ADP-induced platelet aggregation and the 
reduction in ischaemic events is unknown. Dose selection for clopidogrel therefore aimed to identify that 
dose which inhibits ADP-induced platelet aggregation and prolongs bleeding time to the same extent as 
the proven effective dose of ticlopidine (250 mg twice daily). 

Results from three phase I dose ranging studies indicated that a daily dose of 75 mg of clopidogrel 
would give the same level of ADP-induced platelet aggregation and prolongation of bleeding time as 
250 mg of ticlopidine twice daily. 
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These findings were confirmed in a study performed in 150 atherosclerotic patients. The 
pharmacological activity of repeated administration (28 days) of 5 dose levels (10-100 mg per day) was 
compared to ticlopidine (250 mg twice a day) and placebo. The dose of 75 mg once daily was superior 
to 50 mg, and comparable to 100 mg once daily in terms of inhibition of ADP-induced platelet 
aggregation. 

Based on the results of the above studies, it was considered that a daily dose of 75 mg clopidogrel 
would be effective and well tolerated in the target population. Consequently this dose was chosen for the 
phase III clinical programme. 

Clopidogrel selectively inhibits the binding of ADP to its platelet receptor, and the subsequent ADP- 
mediated activation of the GPIIb/IIIa complex, thereby inhibiting platelet aggregation. Dose dependent 
inhibition of platelet aggregation is observed 2 hours after single oral dose of clopidogrel. Repeated 
doses of 75 mg per day inhibit ADP-induced platelet aggregation on the first day, and inhibition reaches 
steady state between day 3 and day 7, At steady state, the average inhibition level was between 40% and 
60%. 

The pharmacological activity is maintained with long-term use of clopidogrel One study showed that 
the level of inhibition of platelet aggregation and prolongation of bleeding time were similar at one week 
and after 80 days of treatment. After discontinuation, inhibition of platelet aggregation and bleeding 
time returned to baseline values approximately 5 days after the last dose. 

These findings are consistent with the mode of action of clopidogrel, namely that the active metabolite 
binds irreversibly to the platelet ADP receptor, therefore affecting the platelets for the remainder of their 
life span. 

Pharmacokinetics 

The pharmacokinetic profile was evaluated in 27 clinical trials carried out in healthy volunteers and 
special populations with either single or repeated administration. 

Clopidogrel is rapidly absorbed and extensively metabolised by the liver. However, plasma levels of the 
parent compound are very low and below the quantification limit (0.00025 mg/1) beyond 2 hours. The 
main circulating metabolite, which is inactive, is the carboxylic acid derivative which represents about 
85% of the circulating compound in plasma. Peak plasma levels of this metabolite (approx. 3 mg/1 after 
repeated 75 mg oral doses) occurred approximately 1 hour after dosing. 

Clopidogrel is a prodrug. The active metabolite, a thiol derivative, is formed by oxidation of clopidogrel 
to 2-oxo-clopidogrel and subsequent hydrolysis. The oxidative step is regulated primarily by 
Cytochrome P450 isoenzymes 2B6 and 3A4 and to a lesser extent by 1A1, 1A2 and 2C19, The active 
thiol metabolite, which has been isolated in vitro, binds rapidly and irreversibly to platelet receptors, 
thus inhibiting platelet aggregation. This metabolite has not been detected in plasma. 

Consequently, though useful as a marker of absorption, the relevance of conventional pharmacokinetic 
studies of this inactive metabolite is limited. Thus, many aspects of the behaviour of clopidogrel, in 
special populations or potential interactions with other drugs, were studied using the dynamic markers, 
inhibition of ADP-induced platelet aggregation and prolongation of bleeding time. 

In vitro studies showed that clopidogrel and SR 26334 bind reversibly to plasma proteins (98 % and 94 
% respectively). Due to this high level of binding and the potential for interactions with products with a 
known affinity for albumin, specific in vitro interaction studies were performed. These studies showed 
that there was no potential for interaction with such products. 

A low level of covalent binding to proteins was observed in in vivo studies. Theoretically covalent 
binding to proteins could result in allergic reactions, but specific immunotoxicity studies in animals did 
not indicate clopidogrel had the potential to cause such effects. 

The elimination half-life of SR 26334 after a single and repeated administration of 75 mg once daily of 
clopidogrel is approximately 8 hours. 
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The excretion of clopidogrel following a single dose of 75 mg of C clopidogrel given alone or at the 
end of a ten-day dosing period of unlabelled drug accounted for 92-98% of the radioactive dose 
administered, equivalent percentages excreted through the faecal and urinary routes (46 and 50% 
respectively). The terminal half-life of radioactivity was approximately 7 days. This relatively long half- 
life is consistent with the platelet turnover- 
Interactions 

The interaction between clopidogrel and several other drugs (e.g. heparin, non-steroidal anti 
inflammatory drugs, theophylline and digoxine) has been well investigated. The findings are reflected in 
the summary of product characteristics and in the package leaflet 

Hepatic microsomal studies indicated that clopidogrel could inhibit one of the cytochrome P 45 o enzymes, 
CYP 2C9. This could lead to elevated plasma levels of drugs, which are substrates for this isoenzyme 
(e.g. phenytoin, warfarin, tolbutamide and certain non-steroidal anti-inflammatory drugs such as 
piroxicam and diclofenac). Furthermore in vitro studies on human liver microsomes showed that the 
main circulating compound of clopidogrel could minimally inhibit one of the two main pathways 
through which glibenclamide is cleared. Data from the CAPRIE study indicate that phenytoin, 
tolbutamide and glibenclamide can be safely coadministered with clopidogrel 

Two studies were undertaken to assess the potential interaction of ASA with clopidogrel, ASA did not 
modify the clopidogrel-mediated inhibition of ADP-induced platelet aggregation, but clopidogrel 
potentiated the effect of ASA on collagen-induced platelet aggregation. However, concomitant 
administration of 500 mg of ASA twice a day for one day did not significantly increase the prolongation 
of bleeding time induced by clopidogrel intake. The safety of the chronic concomitant administration of 
ASA and clopidogrel has not been established. 

Due to the use of too high a dose of warfarin (30-40 mg), the study to assess the potential interaction of 
warfarin with clopidogrel was prematurely discontinued. Although this study was inconclusive it is 
reasonable to assume that the risk of bleeding would be increased by the association of these two agents. 
Consequently, the concomitant administration of clopidogrel with warfarin can not be recommended. 

The experience with the coadministration of clopidogrel with thrombolytic agents is limited. In one open 
uncontrolled study regrouping 116 patients, the concomitant administration of clopidogrel, rt-PA and 
heparin was assessed in patients with recent myocardial infarction. The incidence of moderate to severe 
bleeding was 1.7%. No data exist for the concomitant administration of clopidogrel with other 
thrombolytic agents. One interaction study of combined administration of heparin/clopidogrel and 
heparin/ASA resulted in one case of bleeding and 4 cases of haematoma at the injection site for the 
heparin/clopidogrel group (n=15) compared to no bleeding events in the heparin/ASA group (n=13). 
However, it should be noted that clopidogrel treatment started with a loading dose of 375 mg on day 1 
followed by a dose of 75 mg daily. 

Special populations 

A small comparative study without control groups showed that there is no basis for expecting any 
differences in terms of efficacy and safety in patients with renal impairment. No dosage adjustment of 
clopidogrel is required. The limited relevant clinical experience regarding the therapeutic use of 
clopidogrel in renally impaired patients was further addressed during the hearing on 24 th February 1998. 
However in view of the limited data and the fact that patients with severe renal impairment were 
excluded from the CAPRIE study, clopidogrel should be used with caution in patients with renal 
impairment. 

The company provided results of a pharmacokinetics/pharmacodynamics study of clopidogrel in 12 
subjects with cirrhosis, compared with 12 healthy volunteers. As expected from the extensive first pass 
metabolism* the plasma level of clopidogrel was markedly elevated in cirrhotic patients. The inhibitory 
effect on platelets and the incidence of adverse events were globally comparable between the two 
groups. The mean inhibition of platelet aggregation was similar with a much larger variability in 
patients with hepatic impairment. The limited relevant clinical experience regarding the therapeutic use 
of clopidogrel in hepatically impaired patients was further addressed during the hearing on 24 th 
February 1998. 

CPMP/854/98 7/12 

EMEA 2000 



Taking into consideration that patients with hepatic impairment were excluded from the CAPRIE study, 
that they may have bleeding diatheses, and that liver metabolism plays a key role in the generation of the 
active metabolite, clopidogrel is contraindicated in patients with severe liver impairment Furthermore, 
clopidogrel should be used with caution in patients with moderate liver impairment who may have 
bleeding diatheses. 

Clinical experience 
Design 

CAPRIE was a randomised, international multicentre double blind comparative trial designed to assess 
the relative efficacy of clopidogrel (75 mg once daily) and ASA (325 nig once daily) in reducing the risk 
of a composite outcome cluster of ischaemic stroke, myocardial infarction, or vascular death. The 
relative safety was also assessed. 

The primary efficacy endpoint was based on the first occurrence of an event in the composite outcome 
cluster of fatal or non-fatal ischaemic stroke, fatal or non-fatal myocardial infarction and vascular 
death. 

The CAPRIE study included 19,185 patients with atherothrombosis as manifested by recent ischaemic 
stroke (IS) (between 7 days and 6 months), recent myocardial infarction (MI) (<35 days), or established 
peripheral arterial disease (PAD). 

9,599 (50.0%) were assigned to receive clopidogrel and 9,586 (50.0%) were assigned to receive ASA. 
The two groups were similar with respect to demographic characteristics, although there was a slight 
but statistically significant imbalance in the proportion of non-Caucasians in the two groups (p=0.02). 
The mean age was 62.5 (standard deviation 1 LOS) years with a range from 21 to 94 years. 

The median duration of participation was between 20.4-23.9 months. 2,286 patients (23.8%) who 
received clopidogrel and 2,31 1 patients (24.1%) who received ASA permanently discontinued the study 
drug early. The majority of cases were due to adverse events or to patients who withdrew their consent 
for study participation. 

Results and discussion 

Clopidogrel significantly reduced the incidence of new ischaemic events (combined end point of 
myocardial infarction, ischaemic stroke and vascular death) compared to ASA. In the intention to treat 
analysis, 939 events were observed in the clopidogrel group and 1,020 events with ASA (relative risk 
reduction (RRR) 8.7%, [95% CI: 0.2 toI6.4]; p=0.045). This corresponds for every 1,000 patients 
treated for 2 years, to 10 [CI: 0 to 20] additional patients being prevented from experiencing a new 
ischaemic event. The cumulative proportion of patients who experienced an event in the primary 
outcome cluster shows that the benefit of clopidogrel over ASA appears at an early stage of the 
treatment and continues to increase over time. 

Two secondary endpoint clusters (ischaemic stroke, myocardial infarction, amputation, or vascular 
death; and vascular death alone) showed that there were more events in the ASA group than in the 
clopidogrel group, although the differences were not statistically significant. Analysis of total mortality 
as a secondary endpoint did not show a significant difference between clopidogrel (5.8%) and ASA 
(6.0%). 

The CAPRIE trial was powered to detect a realistic treatment effect in the whole study cohort but not in 
each of the three clinical subgroups. 

A test for heterogeneity of the three treatment effects was statistically significant suggesting that the true 
benefit may not be identical across the three clinical subgroups. In a subgroup analysis by qualifying 
condition (myocardial infarction, ischaemic stroke, and PAD), the benefit appeared to be strongest 
(achieving statistical significance at p=0.003) in patients enrolled due to PAD (especially those who also 
had a history of myocardial infarction) (RRR= 23.7%; CI : 8.9 to 36.2) and weaker (not significantly 
different from ASA) in stroke patients (RRR= 7.3% ; CI : -5.7 to 18.7). In patients who were enrolled in 



CPMP/854/98 



EMEA 2000 



the trial on the sole basis of a recent myocardial infarction, clopidogrel was numerically inferior, but not 
statistically different from ASA (RRR= -4.0%; CI: -22.5 to 11.7). 

Since the CAPRIE trial was not powered to evaluate efficacy of individual subgroups, it is not clear 
whether the differences in relative risk reduction across qualifying conditions are real, or a result of 
chance. 

This issue of subgroup heterogeneity regarding qualifying conditions, and the implications for the 
therapeutic indication with regard to efficacy and especially safety (all cause mortality, vascular death, 
sudden death) in the myocardial infarction subgroup were further discussed during the hearing held on 
24 th February 1998, and during the March CPMP meeting. The final recommendation regarding 
initiation of clopidogrel in patients with myocardial infarction agreed by the CPMP is reflected in the 
agreed therapeutic indication. 

Using the appropriate trials from the APTC meta-analysis (i.e. those in the same clinical syndromes), 
the efficacy of clopidogrel versus a putative placebo was estimated. These analyses strongly supported 
the superiority of clopidogrel over placebo in the overall CAPRIE population and in the IS and MI 
subgroup. 

Oral explanations were provided during the hearing held on 24 th February 1998 on the time to onset of 
action in view of the lack of new data to document the efficacy of clopidogrel at the first few days of an 
acute situation. The final recommendation agreed by the CPMP is that clopidogrel should not be 
initiated within the first few days following myocardial infarction, and that in view of the lack of data, 
clopidogrel can not be recommended in unstable angina, PTCA (stenting), CABG and acute ischaemic 
stroke (less than 7 days). 

An unplanned subgroup-analysis by age suggested that the benefit of clopidogrel in patients over 75 
years was less than that observed in patients <75 years. There were 243 patients with events in the 
clopidogrel group compared to 220 in the ASA group (efficacy odds ratio: 1.176; CI: 0.980 to 1.412), 
Efficacy and safety in patients over 75 years of age, together with the possible interaction with the 
qualifying condition of myocardial infarction, and effects on sudden deaths were addressed during the 
hearing held on 24 th February 1998. The issue was considered as satisfactorily addressed by the CPMP 
and no specific recommendation was introduced in the Summary of Product Characteristics for patients 
over 75 years of age. 

Safety 

Clinical pharmacology studies 

The safety profile of clopidogrel was based on the experience from the CAPRIE study and also from 5 1 
clinical pharmacology studies including 1,150 healthy volunteers and patients receiving clopidogrel, 
placebo and/or another drug. 

As expected from its pharmacological action, platelet clotting and bleeding disorders were more 
common on clopidogrel (10% at 75 mg once daily of compared to 3,9% on placebo), Haematoma and 
purpura, including bruising were the other most common events. Gastrointestinal tract adverse events 
occurred in 10.5% compared to 7.1% on placebo, though diarrhoea was the only individual event seen 
more frequently on clopidogrel (2.8% at 75 mg once daily compared to 0.7% on placebo). Its incidence 
did not increase with higher doses and was rarely severe. Rash was noted in 1% of subjects on 75 mg 
once daily and 2,5% at higher doses compared to 0.7% on placebo. 

The clinical pharmacology studies showed that adverse events commonly seen with ticlopidine such as 
diarrhoea and rash were less common with clopidogrel. Severe cases were rare. More importantly there 
was no evidence of clinically relevant thrombocytopaenia, neutropaenia or impairment of liver function. 

CAPRIE study 

The extent of exposure to clopidogrel 75 mg once daily as well as to ASA 325 mg once daily in the 
CAPRIE study provided a strong basis for a reliable comparison of the safety profile of the two drugs. 
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The mean treatment duration was 19,5 months (Standard deviation 10,18 months for both treatment 
groups) allowing over 15,500 patient years experience with each drug. Only 56 patients were lost to 
follow-up: 30 on clopidogrel and 26 on ASA. 

A comparable rate of adverse events was reported under the two treatments: 86.3% on the clopidogrel 
group and 86.5% patients on the ASA group reported at least one adverse event. This was expected 
given the length of the treatment and the severity of the underlying condition. 

The overall frequency of serious adverse events was similar for both treatment groups (40.4% on 
clopidogrel and 41.1% on ASA), The incidence of death resulting from an adverse event that began 
under treatment was similar in both treatment groups: 4.1% and 4,3% on clopidogrel and ASA 
respectively. Very few deaths were considered as related to the study drug : 1 1 on clopidogrel and 13 on 
ASA. 

Gastrointestinal adverse events were statistically more frequent in the ASA group (p<0.001). Diarrhoea 
was rarely severe and was reported at a higher frequency on clopidogrel compared to ASA (4.5% vs. 
3.4%). 

Cardiovascular system (p=0.002)> central and peripheral nervous (p=0.016), heart rate and rhythm 
(p— 0.01 1) and red blood cell (p=0.024) disorders were significantly more frequent in the ASA group 
than in the clopidogrel group . 

There was no statistically significant difference between treatments groups in the incidence of adverse 
events in the urinary, biliary and hepatic systems. 

There were no differences between treatments groups in the frequency of potentially clinically 
significant liver function abnormalities (AST, ALT and alkaline phosphatase), although the clopidogrel 
group had a small mean increase in total bilirubin (0.01-0.03 mg/dl) relative to ASA. 

Skin and appendage disorders were more frequent in the clopidogrel group (pO.OOl) than in the ASA 
group. Specifically, rash was experienced by significantly more patients in the clopidogrel group than in 
the ASA group (p=0.012). Patients in the clopidogrel group experienced significantly more pruritus 
(p<0.001). 

Hyperuricaemia (p=0.015) was experienced by significantly more patients in the ASA group. Asthenia 
(p-0.017) and gout (p=0.026) were experienced by significantly more patients in the clopidogrel group. 

The percentage of patients with a platelet, bleeding or clotting disorder did not differ significantly 
between treatment groups. However significantly more patients experienced purpura (bruising) in the 
clopidogrel group (5.27%) than in the ASA group (3.68%) (p<0.001). 

The overall incidence of neutropaenia were low and did not differ between groups. Neutropaenia was 
seen in 0.08% of the clopidogrel group and in 0.15% of the ASA group. Only 4 cases (0.04%) on 
clopidogrel and 2 cases (0.02%) on ASA had severe low neutrophil count below 0.450x1 0 9 /l Two cases 
of agranulocytosis occurred in patients taking clopidogrel. 

No significant difference between clopidogrel and ASA was found either in the frequency of 
thrombocytopaenia (<100 G/L) 0,33% in both groups, or the frequency of severe (<80 G/L) 
thrombocytopaenia (0.16% vs. 0.08%). 

One serious unexpected case of aplastic anaemia occurred during the CAPRIE study and seemed 
probably related to clopidogrel. The patient however was also on other medication known to be 
associated with haemotoxic effects. The patient was not rechallenged with clopidogrel. 

The overall incidence of any bleeding did not differ statistically significantly between the two groups 
(9.3 % in both groups). The occurrence of gastrointestinal bleeding was slightly but significantly higher 
in the ASA group (2.7%versus 2%, p=0,002). Three patients died from gastrointestinal bleeding (one in 
the clopidogrel group and two in the ASA group). There was no statistically significant difference in the 
incidence of intracranial bleeding. 

The incidence of other bleeding was higher in patients that received clopidogrel compared to ASA 
(7,3% vs. 6.5%). However, the incidence of severe events was similar in both treatment groups 
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(0.6% vs. 0.4%). The most frequently reported events in both treatment groups were: 
purpura/bruising/haematoma, and epistaxis, Other less frequently reported events were haematoma., 
haematuria, and eye bleeding (mainly conjunctival). 

Of the 75 patients in the clopidogrel group with eye bleeding only five had a severe event. In the ASA 
group, 46 patients experienced eye bleeding with only one patient having a severe event. 

A substantial number of patients (clopidogrel n=382, ASA n=387) underwent cardiac catheterisation 
with angiography, PTC A or stenting. A slight excess of bleeding events (clopidogrel n=46, ASA n=38) 
or haematoma (clopidogrel n=18, ASA n=14) was seen in the clopidogrel treatment group as compared 
to the ASA group. Another clinical study has evaluated the safety of clopidogrel compared to aspirin in 
patients undergoing PTCA. In this study a higher incidence of bleeding or haematoma was observed in 
the clopidogrel group (5/15 patients versus 0/13). It should however be noted that clopidogrel was given 
as loading dose of 375 mg followed by 75 mg once daily. 

The post-marketing experience confirms the safety profile defined during the clinical development ; 
hypersensitivity reactions have been reported : these mainly include skin reactions (maculopapular or 
erythematous rash, urticaria....) and/or pruritus. Very rare cases of bronchospasm, angioedema or 
anaphylactoid reactions have been observed. 

5. Overall conclusion and benefit/risk assessment 
Benefit risk assessment 

The CAPRIE trial showed that clopidogrel at a dose of 75 mg once daily is an effective antithrombotic 
agent which reduced by 8.7% (p=0.045) compared to ASA (325 mg once daily), the incidence of new 
ischaemic events (combined end point of myocardial infarction, ischaemic stroke and vascular death) in 
patients with clinical evidence of atherosclerosis. In the intention to treat analysis, 939 events were 
observed in the clopidogrel group and 1,020 events with ASA (relative risk reduction (RRR) 8.7%, 
[95% CI: 0.2 tol6.4]; p=0,045), which corresponds for every 1,000 patients treated for 2 years, to 10 
[CI:0 to 20] additional patients being prevented from experiencing a new ischaemic event. 

The safety profile shows that clopidogrel is at least as well tolerated as ASA. Overall clopidogrel was 
well tolerated, having an adverse event profile comparable to ASA, but with better gastrointestinal 
tolerability. Only rash, purpura (bruising) and diarrhoea were notable in the clopidogrel group but were 
rarely severe. There is no evidence that clopidogrel shares the risk, seen with ticlopidine, of 
neutropaenia or thrombocytopaenia. The company has additionally been requested to provide as a 
follow-up to the marketing authorisation together with the periodic safety update reports an analysis of 
the haematological effects of clopidogrel. 

Conclusion 

The quality of the medicinal product is considered satisfactory. No major objections on the chemical 
and pharmaceutical aspects of the dossier prevent the approval of the medicinal product. However a 
number of follow-up measures have been addressed by the applicant. 

The pharmacodynamic activity of clopidogrel was adequately evaluated. Clopidogrel is a prodrug. The 
active metabolite binds rapidly and irreversibly to platelet receptors, thus inhibiting platelet aggregation. 

The overall animal toxicological profile of clopidogrel (hydrogen sulphate salt form) was adequately 
evaluated and no major findings were described at doses at least up to 100 mg/kg/day in all species. The 
systemic exposure of the several animal species to that dose as compared to the human exposure 
expected at therapeutic dose of 75 mg/day is satisfactorily higher and does not suggest safety concerns 
in relation to the human use of the drug. 

Although the explanation provided by the company regarding the increased incidence of thyroid cysts in 
rats may be acceptable, no further explanation was provided on the high level of sustained radioactivity 
observed in the tissue distribution studies. Therefore, the company is requested to provide as a post 
marketing surveillance follow-up measure clinical safety data on the thyroid function. 
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Clinical efficacy is based on the results of the CAPRIE trial which showed that clopidogrel at a dose of 
75 mg once daily reduces by 8.7% (p=0,045) the incidence of new ischaemic events (combined end 
point of myocardial infarction, ischaemic stroke and vascular death) in patients with clinical evidence of 
atherosclerosis, over ASA (325 mg once daily). Overall clopidogrel was well tolerated, having an 
adverse event profile comparable to ASA, but with better gastrointestinal tolerability. 

The CPMP considered the benefit/risk ratio to be favourable and issued on 25 March 1998 a positive 
opinion for granting a marketing authorisation for Plavix. 
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I BACKGROUND INFORMATION ON THE PROCEDURE 
1. Submission of the dossier 

The company Sanofi Pharma Bristol-Myers Squibb SNC, France submitted on 9 April 1997 to the 
European Agency for the Evaluation of Medicinal Products (EMEA) an application for the marketing 
authorisation of the medicinal product Plavix falling within the scope of Part B of the Annex of the 
Council Regulation (EEC) 2309/93, of 22 July 1993. 

The Rapporteur and Co-rapporteur appointed by the CPMP and the evaluation teams were as follows: 

Rapporteur: Prof. M. Forte Co-Rapporteur: Pharm. G. De Greef 

Evaluators: Prof. J. Guimaraes Morais Evaluators: Dr P, Celis 

Prof M. Beatriz Lima Prof. J. M. Boeynaems 

Prof E. Mota Prof J. P. Wautrecht 

Licensing status: 

Plavix has been licensed in the USA since 17 November 1997. 
2- Steps taken for the assessment of the product 

• The Rapporteur's assessment report was circulated to all CPMP Members on 28 July 1997, The 
Co-Rapporteur's assessment report was circulated to all CPMP Members on 25 July 1997. 

• The CPMP Consolidated list of questions was adopted on 24 September 1997. 

• The responses to the consolidated list of questions were received on 8 December 1997. 

• The Joint Rapporteur/Co-Rapporteur assessment report on the responses to the consolidated list 
of questions was circulated on 21 January 1998, 

• The company submitted written responses on the outstanding chemical and pharmaceutical issues 
on 20 February 1998. 

• During its meeting on 24 February 1998, the CPMP agreed on a list of outstanding clinical issues 
to be addressed by the company in an oral explanation. 

• A hearing was held on 24 February 1998, to address the outstanding clinical issues. 

• The CPMP, during its meeting on 23-25 February 1998, considered the responses provided by 
the company, and discussed the recommendations presented by the Rapporteur. 

• The CPMP, during its meeting on 23-25 February 1998, considered the responses provided by 
the company to some of the clinical issues not to be satisfactory. Therefore, the CPMP requested 
additional written information to be submitted 

• On the basis of the responses provided by the company, the CPMP discussed and amended the 
Summary of Product Characteristics following additional oral explanations provided by the 
company on 24 March 1998. 

• A letter of undertaking on the follow-up measures as requested by the CPMP, was signed by the 
applicant on 25 March 1998. 

• During the meeting on 25 March 1998, the CPMP, in the light of the overall data submitted and 
the scientific discussion within the Committee, issued a positive opinion for granting a Marketing 
Authorisation* 

• On 15 July 1998, the European Commission issued a Marketing Authorisation for Plavix. 
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II GENERAL CONDITIONS FOR THE MARKETING AUTHORISATION 
1. Manufacturing authorisations 

Manufacturers responsible for batch release in the European Economic Area; 

Sanofi Winthrop Industrie 

1, rue de la Vierge 
33340 Ambares 
France 

Manufacturing authorisation issued on 19 November 1996 by Agence du Medicament, France, 
and 

Sanofi Winthrop Ltd, Production Division 
Edgefield Avenue, Fawdon 
Newcastle Upon Tyne NE3 3TT 
United Kingdom 

Manufacturing authorisation issued on 14 November 1996 by Medicines Control Agency (Market 
Towers, 1 Nine Elms Lane, London, SW8 5NQ, United Kingdom) 

2. Conditions or restrictions of supply and use 

Medicinal product subject to medical prescription, 
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Steps taken after granting the Marketing Authorisation 

• The Marketing Authorisation Holder submitted to the EMEA on 06 November 1998 an 
application for one type I variation falling within the scope of item No 3 of Annex I to 
Commission Regulation (EC) No 542/95 ? as amended. The Marketing Authorisation Holder 
applied for: 

A change in the address of the marketing authorisation holder. 

On 03 December 1998, the EMEA approved the variation, The variation required amendments in 
the relevant sections (annexes I, III A and IIIB) of the Commission decision. The European 
Commission amended the Decision on 01 February 1999. 

• The Marketing Authorisation Holder submitted to the EMEA on 29 December 1998 an 
application for one type I variation falling within the scope of item No 8 of Annex I to 
Commission Regulation (EC) No 542/95, as amended. The Marketing Authorisation Holder 
applied for: 

A change in the qualitative composition of immediate packaging material. 

On 05 February 1999, the EMEA approved the variation. This variation required amendments to 
annexes I and IIIB of the Commission Decision. Revised EMEA notification dated 01 April 1999 
regarding EU numbers. The European Commission amended the Decision on 1 1 June 1999. 

• The Marketing Authorisation Holder submitted to the EMEA on 04 February 1999 an 
application for one type I variation falling within the scope of item No 1 of Annex I to 
Commission Regulation (EC) No 542/95, as amended. The Marketing Authorisation Holder 
applied for: 

An alternative manufacturing site for the finished product. 

On 22 March 1999, the EMEA approved the variation. This variation required amendments to 
annexes II and IIIB of the Commission Decision. The European Commission amended the 
Decision on 16 July 1999. 

• The Marketing Authorisation Holder submitted to the EMEA on 04 February 1999 an 
application for one type I variation falling within the scope of item No 16 of Annex I to 
Commission Regulation (EC) No 542/95, as amended. The Marketing Authorisation Holder 
applied for: 

A change in the batch size of the finished product. 

On 22 March 1999, the EMEA approved the variation. This variation did not require any 
amendment to the Commission Decision. 

• The Marketing Authorisation Holder submitted to the EMEA on 08 April 1999 an application 
for one type I variation falling within the scope of item No 32 of Annex I to Commission 
Regulation (EC) No 542/95, as amended. The Marketing Authorisation Holder applied for: 

A new engraving on the tablets. 

On 13 May 1999, the EMEA approved the variation. This variation required amendments to 
annexes I and IIIB of the Commission Decision. The European Commission amended the 
Decision on 08 July 1999. 

• The Marketing Authorisation Holder submitted to the EMEA on 08 April 1999 an application for 
one type I variation falling within the scope of item No 14 of Annex I to Commission Regulation 
(EC) No 542/95, as amended. The Marketing Authorisation Holder applied for: 

A change in specifications of the active substance. 

On 06 July 1999, the EMEA approved the variation. This variation did not require any 
amendment to the Commission Decision. 
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• On 26 April 1999, the Marketing Authorisation Holder submitted a Type II variation application 
in accordance with Article 6 of Commission Regulation (EC) No. 542/95 of 10 March 1995, as 
amended. The scope of the variation related to the update of the Summaries of Product 
Characteristics and Package Leaflets according to the assessment of the second PSUR 

On 20 May 1999 the CPMP approved the variation. The variation required amendments in 
annexes I and IIIB of the Commission Decision. The European Commission amended the 
Decision on 07 September 1999. 

• Under fmalisation. 



CPMP/854/98 



EMEA 2000 



Exhibit 17 



A CLINICAL TRIAL COMPARING THREE ANTJTHRO MB OTIC-DRUG REGIMENS AFTER CORONARY-ARTERY STENTING 
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Abstract 

Background Antithrombotic drugs are used after 
coronary-artery stenting to prevent stent thrombo- 
sis. We compared the efficacy and safety of three an- 
tithrombotic-drug regimens — aspirin alone, aspirin 
and warfarin, and aspirin and ticlopidine — after cor- 
onary stenting. 

Methods Of 1965 patients who underwent coronary 
stenting at 50 centers, 1653 (84.1 percent) met angio- 
graphic criteria for successful placement of the stent 
and were randomly assigned to one of three regi- 
mens: aspirin alone (557 patients), aspirin and war- 
farin (550 patients), or aspirin and ticlopidine (546 
patients). All clinical events reflecting stent thrombo- 
sis were included in the prespecified primary end 
point: death, revascularization of the target lesion, 
angiographically evident thrombosis, or myocardial 
infarction within 30 days. 

Results The primary end point was observed in 38 
patients: 20 (3.6 percent) assigned to receive aspirin 
alone, 15 (2.7 percent} assigned to receive aspirin and 
warfarin, and 3 (0.5 percent) assigned to receive aspi- 
rin and ticlopidine (P=0.Q01 for the comparison of all 
three groups). Hemorrhagic complications occurred in 
10 patients (1.8 percent) who received aspirin alone, 
34 (6.2 percent) who received aspirin and warfarin, 
and 30 (5.5 percent) who received aspirin and ticlopi- 
dine (P<0,001 for the comparison of all three groups); 
the incidence of vascular surgical complications was 
0.4 percent (2 patients), 2.0 percent (11 patients), and 
2.0 percent (11 patients), respectively (P=0.02), There 
were no significant differences in the incidence of neu- 
tropenia or thrombocytopenia (overall incidence, 0.3 
percent) among the three treatment groups. 

Conclusions As compared with aspirin alone and 
a combination of aspirin and warfarin, treatment with 
aspirin and ticlopidine resulted in a lower rate of stent 
thrombosis, although there were more hemorrhagic 
complications than with aspirin alone. After coronary 
stenting, aspirin and ticlopidine should be considered 
for the prevention of the serious complication of 
stent thrombosis. (N Engl J Med 1998;339:1665-71.) 

©1998, Massachusetts Medical Society. 



THE implantation of coronary stents has be- 
come a major form of revascularization ther- 
apy for coronary artery disease. In early 
clinical trials, 1 there were high rates of stent 
thrombosis (approaching 20 percent), leading to the 
adoption of an antiplatelet and anticoagulant regimen 
that included intravenous iow-molecular-weight dex- 
tran 5 oral aspirin and dipyridamole, and intravenous 



heparin followed by oral warfarin. The incorporation 
of this aggressive antithrombotic treatment strategy 
in subsequent randomized clinical trials 2 " 4 reduced 
the risk of acute and subacute stent thrombosis to ap- 
proximately 3.5 percent. However, as compared with 
conventional balloon angioplasty, stenting with ag- 
gressive antithrombotic-drug therapy doubled the 
length of hospitalization (from three to six days) and 
increased the rate of hemorrhagic and vascular com- 
plications from 3 to 4 percent to 7 to 13 percent. 2 ' 3 ' 5 
More recently, registry data have demonstrated 
that the risk of stent thrombosis can be further re- 
duced by die use of a combination of high-pressure, 
balloon-expandable stents and antithrombotic thcr- 
apy widi aspirin and ticlopidine. 6 8 A single-center, 
randomized trial also demonstrated the superiority 
of aspirin and ticlopidine over aspirin and warfarin 
for the prevention of stent thrombosis in high-risk 
patients. 9 Moreover, a single-center registry and one 
small, randomized trial suggested that aspirin alone 
might be adequate for the prevendon of stent throm- 
bosis. 10 ' 11 There has also been concern about the 
possibility of neutropenia and dirombocytopenia in 
association with ticlopidine therapy. 12 We compared 
die 30-day clinical outcomes for three antithrombot- 
ic-drug regimens — aspirin alone, aspirin and war- 
farin, and aspirin and ticlopidine — after elective 
coronary-artery stenting. 

METHODS 

Objectives and Design of the Study 
and Selection of Patients 

The primary objective was tu compare the incidence of stent 
thrombosis in patients with single-vessel or multivcsscl disease of 
native coronary arteries who were successfully treated with a 
high-pressure, balloon -expand able stent at 1 of 50 centers in the 
United States and who were then randomly assigned to receive 
one of three antithrombotic-drug regimens. The implantation of 
a Palmaz-Schatz stent (Cordis, Warren, N.J,) was considered to 
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be successful if the final degree of stenosis within the stent was 
less than 10 percent (by visual estimate), there was no evidence 
of thrombus or of dissections (more than grade B according to 
the National Heart, Lung, and Blood Institute criteria), there was 
grade 3 flow according to the criteria of the Thrombolysis in My- 
ocardial Infarction study, and no more than two stents were need- 
ed to treat one long (^25 mm) lesion or two focal (=£12 mm) 
lesions in one or two native coronary arteries. Patients who did 
not meet the criteria for successful stenting were enrolled in a 
prospective trial that was identical to the randomized trial in 
terms of data collection and follow-up except that patients were 
not assigned to a specific drug- treatment strategy. 

Randomization was not blinded, but all end points were adju- 
dicated by a clinical events committee whose members were un- 
aware of the patients* treatment assignments. The study complied 
with the Declaration of Helsinki regarding investigations in hu- 
mans and was approved for an investigational- device exemption 
by the Food and Drug Administration (FDA), and all investiga- 
tional sites received approval from their local hospital investiga- 
tional review boards. All patients gave written informed consent. 

Patients were eligible for enrollment if they had one or two tar- 
get lesions with more than 60 percent stenosis in a 3 -to -4 -mm 
native coronary artery, not involving the left main coronary artery 
or a major coronary bifurcation. Other exclusion criteria were the 
presence of additional stenoses within the target vessel; recent 
(within 7 days before enrollment) acute myocardial infarction; 
known contraindications to the use of aspirin t ticlopidine, or war- 
farin; a history of bleeding diathesis; current treatment with ab- 
cixiniab; and planned angioplasty of another lesion within 30 
days after enrollment 

Eligible patients were randomly assigned in equal proportions 
with use of a prespecified randomization sequence to one of the 
three antithrombotic-drug regimens, according to clinical site 
and history of diabetes mcllitus, 

Coronary-Stent Procedure 

All patients received nongeneric, non-enteric-coated aspirin 
(325 mg) and intravenous heparin (10,000 to 15,000 U) to 
maintain an activated clotting time of 250 to 300 seconds during 
the implantation of the stents. Before the stents were implanted, 
lesions were treated with balloon angioplasty, directional atherec- 
tomy, or rotational atherectomy. The stent was implanted with a 
stent delivery system (Johnson and Johnson, Warren, NJ.) ap- 
proved by the FDA that consisted of a specially designed balloon 
catheter onto which a standard 15-mm Palmaz-Schatz coronary 
stent had been crimped within a protective nylon sheath. The siz- 
ing of the stents followed standard FDA guidelines: the ratio of 
the diameter of the balloon to the diameter of the artery was 1-1 
to 1.0, with a deployment pressure of 6 to 8 atmospheres. The 
technique used in this study was designed to achieve a residual 
stenosis of less than 10 percent by visual estimate, which usually 
required further dilation of the balloon at high pressure (^16 at- 
mospheres) with a separate high-pressure balloon measuring 15 
to 20 mm. To reduce the number of variables that might influ- 
ence stent thrombosis, all procedures were performed with use of 
the same low osmolar ionic angiographic contrast medium (iox- 
aglate meglumine, Mallinckrodt, St. Louis). 

Antfthrombotic-Drug Regimens 

The three regimens were as follows: 325 mg of non -enteric- 
coated aspirin (Bayer, West Haven, Conn.) orally per day; 325 mg 
of non -enteric-coated aspirin per day and intravenous heparin 
(initial dose, 10,000 to 15,000 U per day), with the dose titrated 
to achieve an activated partial- thromboplastin time of 40 to 60 
seconds and discontinued once an international normalized ratio 
of 2.0 to 2.5 was reached with the use of oral warfarin; and 325 
mg of non— enteric-coated aspirin per day and 250 mg of ticlopi- 
dine (Ticlid, Sanofi, New York) orally twice a day. No further 
heparin was given after the procedure except among patients as- 
signed to receive warfarin. The duration of ticlopidine and war- 



farin treatment was four weeks. Treatment assignments were not 
masked, and the first dose of ticlopidine or warfarin was admin- 
istered at the conclusion of the stenting procedure. 

Data Collection and Analysis of End Points 

Detailed case-report forms were completed by the clinical co- 
ordinator at each site, monitored by independent study monitors, 
and submitted to the data-coordinating center (Department of 
Medicine, Harvard Medical School and Beth Israel Deaconess 
Medical Center, Boston). Angiograms obtained during the stent- 
ing procedure were submitted to the angiographic core laborato- 
ry (Washington Hospital Center, Washington, D.C.), where they 
were analyzed with a computer-based system (Mcdis, Leiden, the 
Netherlands). The patients were assessed at discharge and four 
weeks after the stenting procedure for the occurrence of adverse 
clinical events. All events were classified by an independent clini- 
cal events committee whose members were unaware of the pa- 
tients* treatment assignments. 

The prespecified 30-day primary end point, which reflected the 
occurrence of stent thrombosis, was a hierarchical composite of 
death from any cause, revascularization of the target lesion with- 
out death, evidence of thrombosis of the target vessel on repeated 
angiography without revascularization, or nonfatal myocardial in- 
farction in patients who did not undergo repeated angiography. 
Secondary end points included the achievement of less than 50 
percent residual stenosis without death or emergency bypass sur- 
gery (defined as procedure success), procedure- related myocardial 
infarction, hematologic dyscrasias (neutropenia or thrombocyto- 
penia), hemorrhagic complications, and vascular surgical compli- 
cations. Myocardial infarctions (procedure- related and within 30 
days after the procedure) were defined by a new Q wave that last- 
ed at least 0.04 second in two or more contiguous leads or a cre- 
atine kinase concentration that was more than two times the up- 
per limit of normal in the presence of an elevated concentration 
of MB isoenzyme. A major bleeding complication was defined as 
any procedure- related bleeding episode that required transfusion. 
Vascular surgical complications included any retroperitoneal he- 
matoma, a vascular-access hematoma of more than 4 cm, and a 
pseudoaneurysm or arteriovenous fistula requiring surgery or ul- 
trasonographic compression. Hematologic status was evaluated 
on the basis of a minimum of two complete blood counts per- 
formed two and four weeks after the stenting procedure; neutro- 
penia was defined as a reduction in the absolute white-cell count 
to less dian 1200 per cubic millimeter, and thrombocytopenia as 
a reduction in die platelet count to below 80,000 per cubic mil- 
limeter. 

Statistical Analysis 

The trial was designed to determine whether the regimen of 
aspirin and ticlopidine was as effective as the regimen of aspirin 
and warfarin in preventing stent thrombosis (the null hypothesis) 
and whedier there were any significant differences in the primary 
end point between the regimen of aspirin and ticlopidine and the 
regimen of either aspirin and warfarin or aspirin alone. The pre- 
specified plan therefore called for a sequential-analysis strategy. 
The null hypothesis was established with use of Blackwelder's for- 
mula, 13 and two comparisons of difference in the primary end 
point were then made. Adjustments for multiple comparisons 
were made to maintain an overall type I error rate of 0.05 and are 
reflected in the reported P values. There was no prespecified in- 
terim analysis for early termination of the study, but the data and 
safety monitoring committee reviewed early safety data after the 
enrollment of each 250 patients. 

For the null hypothesis, we assumed that the rate of stent 
thrombosis was 4 percent in the group assigned to aspirin and 
warfarin, with an increase of 3 percent or more in this value taken 
as an indication of the inferiority of this treatment. A total of 528 
patients were required in each group for the study to have the 
power to detect such a difference, with a type I error of 0.05 and 
a type II error of 0.2. For the two conditional tests of difference, 
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the same 4 percent rate of stent thrombosis was assumed for the 
group assigned to aspirin and warfarin and the aspirin-only 
group. For the study to have the ability to detect a 30-day stent- 
thrombosis rate of 1.1 percent or less in the group assigned to 
ticlopidine and aspirin with a statistical power of 80 percent and 
a one-sided alpha error of 0*025, 527 patients were required for 
each group. The trial was therefore designed to enroll 550 pa- 
tients per group, for a total of 1650 patients. 

All comparisons were based on the intention- to -treat principle. 
Continuous variables were compared with the use of analysis of 
variance for comparisons among all three groups, and binary var- 
iables were compared with the use of the chi-square test (or Fish- 
er's exact test in the case of any variable that included fewer than 
five events) and were presented with nominal two- tailed P values. 
Relative risks of selected primary and secondary end points were 
also calculated (with confidence intervals) for the prespecified 
pairwisc comparison. Differences in the median time to a primary 
event were analyzed with the Kruskal— Wallis nonparametric rank- 
sum test for multiple groups. A stepwise multivariable logistic 
model of the primary end point was used to evaluate base-line 
predictors and the treatment effect simultaneously. All statistical 
analyses were performed with. SAS computer software (version 
6.12, SAS Institute, Gary, N,C.}. 14 

RESULTS 

Enrollment of Patients and Base-Line Characteristics 

A total of 1965 patients with 2147 lesions were 
enrolled between February 1996 and November 
1996. Of these, 1653 patients (84.1 percent) with 
1772 lesions met the criteria for successful stent 
placement and were enrolled in the randomized tri- 
al. The remaining 312 patients with 375 lesions 
were enrolled in a parallel registry. Overall, 99.3 per- 
cent met the secondary end point of procedure suc- 
cess (less than 50 percent residual stenosis without 
death or emergency bypass surgery), including all 
1653 patients who underwent randomization and 
298 of the 312 patients (95.5 percent) entered in 
the parallel registry. This report focuses on the re- 
sults of the randomized patients, of whom 1534 had 
a single lesion treated and 119 had two lesions treat- 
ed. A total of 557 patients were assigned to receive 
aspirin alone, 550 patients were assigned to receive 
aspirin and warfarin, and 546 patients were assigned 
to receive aspirin and ticlopidine. The base-line char- 
acteristics of the patients were similar in the three 
groups (Tables 1 and 2), Before placement of the 
stent, balloon angioplasty alone was performed in 
88.1 percent, rotational atherectomy in 6.2 percent, 
and directional atherectomy in 0.6 percent, with no 
pretreatment in 5,1 percent. 

Primary End Point 

The overall incidence of the combined primary 
end point was 2.3 percent, and the overall incidence of 
death within 30 days was 0.06 percent. The primary 
and secondary end points in the individual groups 
are summarized in Table 3, and the relative risks of 
selected end points are given in Table 4. The primary 
end point occurred in a total of 38 patients, 20 (3.6 
percent) assigned to aspirin only, 15 (2.7 percent) 
assigned to aspirin and warfarin, and 3 (0.5 percent) 



Table 1. Base-Line Characteristics of the Patients.* 







Aspirin 


Aspirin 




Aspirin 


and 


and 




Alone 


Wahfafun 


Ticlopidine 


Characteristic 


(N=557) 


|N = 550] 


(N=54G) 


Age — yr 


61±11 


62±1I 


61±12 


Ejection fraction — % 


5fi±ll 


56±n 


57±11 


Female sex — no. (%) 


154 (28) 


163 (30) 


156 (29) 


Diabetes mellitus — no. (%) 


99 (18) 


111 (20) 


99 (18) 


Dystipidemia requiring treatment 


189 (34) 


198 (36) 


169 (31) 


— no. {%) 








Hypertension requiring treatment 


289 (52) 


301 (55) 


274 (50) 


— no. (%) 








Cigarette smoking in preceding year 


150 (27) 


160 (29) 


158 (29) 


— no. (96) 








Single-vessel disease — no, (%) 


373 (67) 


369 (67) 


371 (68) 


Previous myocardial infarction — 


176 (32) 


214 (39) 


196 (36) 


no. [%} 








Angina of grade III or [V — 


335 (60) 


339 (62) 


323 (59) 


no. (%)t 








Previous PTCA — no. (96) 


S3 (15) 


94 (17) 


82 (15) 


Previous CABG — no, {%) 


44 (8) 


40 (7} 


41 (8) 


Previous restenosis — no. (%)$ 


92 (17) 


98 (17) 


90 (15) 


Lesion grade B2 or C — no. {%}%§ 


392 (66) 


353 (60) 


382 (65) 


Angio graphically evident thrombus 


20 (3) 


18 (3) 


25 (4) 


— no. (%)% 








Moderate or severe calcification — 


133 (22) 


107(18) 


122 (21) 


no. (%)* 




Ostial location of lesion — no, (%)$ 


42(7) 


34 (6) 


37 (6) 


Bifurcation — no, [%)t 


38 (6) 


36 (6) 


33 (6) 


TIMI grade 0 flow (total occlusion) 


11 {2) 


11 (2) 


10(2) 


— no. (%) 








Length of lesion — mm 


10.8±5.6 


10.5+5.5 


10.8±5.4 


Target vessel LAD — no. {%)$ 


255 (43) 


245 (41) 


254 (44) 



*Plus-muius values are means ±SD. PTCA denotes percutaneous trans- 
luminal coronary angioplasty, CABG coronary-artery bypass grafting, 
TTMI Thrombolysis in Myocardial Infarction, and LAD left anterior de- 
scending artery. 

tThe Canadian Heart Cardiovascular classification was used. 

JNot all die data were available for all the patients. 

§The American College of Cardiology classification was used. 



assigned to aspirin and ticlopidine (P=0.001 for the 
comparison of all three groups). The relative risk of 
die primary end point in the group assigned to aspirin 
and ticlopidine was 0.15, as compared with the risk 
in the group assigned to aspirin alone (P<0.001), 
and 0,20, as compared with the risk in the group as- 
signed to aspirin and warfarin (P=0.01) (Table 4). 

Three components of the primary end point were 
mainly responsible for the differences among die 
three groups and were highly correlated: revascular- 
ization of the target lesion (P=0.002), angiograph- 
ically evident thrombosis (P=0>005), and recurrent 
myocardial infarction (P— 0.01). There were also sig- 
nificant differences in the incidence of revasculariza- 
tion of the target lesion and angiographically evident 
thrombosis between the group assigned to aspirin 
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Table 2. Angiographic and Procedural Characteristics.* 







ASPJRIN 


Aspirin 




Aspirjn 


AND 


and 


fll a n ft f»TC DICTir 


Alone 


XJI/adcadim 
■ VAHhAHIN 


Tini <1 c«n IMC 


Target vessel 1 — * no. {%) 






!>£>£» \66) 


Dimensions of lesion before 








procedure 








Reference artery — mm 








Minimal luminal diameter 








— mm 








jicnosis — to \ 








Dimensions of lesion before 








stenting 








Reference artery — mm 


2.98±0.51 


2.99±0.52 


3.0Q±0.48 


Minimal luminal diameter 


L72±0.49 


L71±0.50 


1.70±0.47 


— mm 








Stenosis — %t 


41.6±15.8 


42.1±15.9 


42.8±1S.S 


Final luminal dimensions 








Reference artery — mm 


3.06±0.49 


3.10±0.52 


3.07:5:0.6 


Minimal luminal diameter 


2.80 ±0.40 


2.79 ±0.46 


2.80±0.43 


— ■ mm 








Stenosis — %\ 


7,8+12.1 


9,4±11.7 


8.2±11.5 


Final balloon dimensions 








Mean diameter — mm 


3.40 + 0.60 


3.48±0.51 


3.44±0.49 


BaUDOn:artery ratio 


1.15+0.17 


1.13+0.16 


1.I3±0.17 


Final stent dimensions — mm 








Minimal diamcicr 


2.80 ±0.49 


2.79+0.53 


2.80+0.51 


Mean diameter 


3.26±0.42 


3.25±0.4S 


3,26±0,42 


Increase in diameter 


1.8±0.5 


1.8 + 0.5 


1.8±0.5 



*Plus-minus values are means ±SD. 

t Stenosis was calculated as the average reference luminal diameter minus 
die minimal luminal diameter divided by the average reference luminal 
diameter times 100 (for die worse of two orthogonal views). 



and ticlopidine and either die group assigned to as- 
pirin only or the group assigned to aspirin and war- 
farin (Table 4). Among the entire randomized cohort, 
there was only one death, in the aspirin-alone group. 

The cumulative incidence of primary events is 
shown in Figure 1, with a mean time to a primary 
event of 0.7 day for the group assigned to aspirin 
and ticlopidine, 2,9 days for the group assigned to 
aspirin and warfarin, and 3.7 days for the group as- 
signed to aspirin alone (P=0.17 for the difference 
among the three groups). A stepwise logistic model 
of the primary end point was evaluated for the fol- 
lowing potential predictors: age, sex, presence of di- 
abetes mellitus, number of lesions treated {two vs. 
one), length of the lesion, dissection grade, appear- 
ance of angiographically evident thrombus, and post- 
treatment minimal diameter of the lumen after adjust- 
ment for the type of antithrombotic-drug regimen. 
The primary end point was positively associated with 
a dissection grade of B or greater (odds ratio, 3,82; 
P= 0,002) and a smaller post-treatment minimal lu- 
minal diameter {odds ratio, 5.00 for each additional 
1-mm decrease; P<0.001). 

Among the 312 patients who did not undergo ran- 
domization, the incidence of die combined primary 
end point was 3.5 percent. Multivariable analysis in- 
dicated that the number of stents implanted was pos- 
itively associated with stent thrombosis (P=0.01) and 
the use of aspirin and ticlopidine was negatively as- 
sociated with stent thrombosis (P=0.08). 



Table 3. Primary and Secondary E\t;nts in the First 30 Days after Stenting.* 





Aspirin 


Aspirin and 


Aspirin and 






Alone 


Warfarin 


Ticlopidine 


P 


Event 


(N=557l 


(IVN55Q] 


(N«546) 


VALUEt 






number (percent) 






Primary end point 


20 (3.6) 


15 (2.7) 


3 (0.5) 


0.001 


Death 


1 (0.2) 


0 


0 




Revascularization of target lesion 


19 (3.4) 


14 (2.5) 


3 (0.5) 


0.002 


CABG 


3 (0,5) 


1 (0.2) 


1 (0.2) 


0.63 


PTCA 


17 (3.1) 


14 (2.5) 


3 (0.5) 


0.003 


Angiographically evident thrombosis 


16 (2.9) 


15 (2.7) 


3 (0.5) 


0.005 


Recurrent myocardial infarction 


15 (2.7) 


11 (2.0) 


3 (0.5) 


0.01 


Q-woue 


S (1.4) 


3 (1.5) 


1 (0.2) 


0.04 


Non-Q-wave 


7(1.3) 


3 (0.5) 


2 (0.4) 


0.27 


Other clinical events 










Procedure- related myocardial infarction 


16 (2,9) 


23 (4.2) 


23 (4.2) 


0.41 


Q-wavc 


4 (0.7) 


0 


0 


0.04 


Non-Q-wave 


12 (2.2) 


23 (4.2) 


23 (4.2) 


0.10 


Hemorrhagic complications 


10 (1.8) 


34 (6.2) 


30 (5.5) 


<0.001 


Vascular surgical complications 


2 (0.4) 


11 (2.0) 


11 (2.0) 


0.02 


Neutropenia or Thrombocytopenia 


1 (0.2) 


1 (0.2) 


3 (0.5) 


0.46 


Cerebrovascular accident 


2 (0.4) 


1 (0.2) 


0 


0.78 



*CABG denotes corona ry-artery bypass grafting, and PTCA percutaneous transluminal coronary 
angioplasty. 

fThe P values are for the comparison of the three groups by the clii-square test. 



1668 - December 3, 1998 



Downloaded from www.nejm.org on February 25, 2010 . For personal use only. No other uses without permission. 
Copyright© 1998 Massachusetts Medical Society. All rights reserved. 



A CLINICAL TRIAL COMPARING THREE ANTITHROMBOT1C-DRUG REGIMENS AFTER CORONARY-ARTERY STENTING 



Table 4. Relative Risk of Primary and Secondary Events in the Group Assigned 
to Aspirin and Ticlopidine as Compared with the Group Assigned 
to Aspirin Alone and the Group Assigned to Aspirin and Warfarin.* 









Relative Risk 






Relative Risk 




(95% CI) AS 






(95% CI) as 




Compared with 






Compared with 


P 


Aspjrjn AND 


P 


Event 


Aspirin Alone 


Value 


Warfarim 


Value 


Primary end point 


0.15 (0.05-0.43) 


<0,001 


0,20 (0.07-0.61) 


0.01 


Death 










Revascularization of target lesion 


0.16 (0.06-0.46) 


0.001 


0.22 (0.07-0.66) 


0.02 


An geographically evident thrombosis 


0.19(0,06^0.57) 


0,001 


0.20 (0.07-0.61) 


0.01 


Recurrent myocardial infarction 


0.20 (0.07-0.62) 


0.014 


0,27 (0.08-0,90) 


0.11 


Neutropenia or thrombocytopenia 


3,06 (0.36^26.2) 


0.74 


3.02 (0.35-25.91) 


0.75 


Hemorrhagic complications 


3.06(1.57-5.97) 


0.002 


0.88 (0.55-1.43) 


0.99 


Vascular surgical complications 


5.61 (1.49-21.16) 


0.02 


1.01 (0,44-2.30) 


0,99 



*CI denotes confidence interval. 



Secondary End Points 

There were no significant differences in the inci- 
dence of procedure-related myocardial infarctions 
among the three groups (overall incidence, 3,8 per- 
cent) (Table 3). There were three cerebrovascular acci- 
dents (overall incidence, 0,2 percent) and five cases of 
severe neutropenia or thrombocytopenia (overall inci- 
dence, 0.3 percent). The incidence of hemorrhagic 
complications and vascular surgical complications 
was significantly different among the riiree groups 
(P<0.001 and P^0.02, respectively) (Table 3). The 
group assigned to aspirin and ticlopidine had a relative 
risk of hemorrhagic complications of 3.06 (P= 0,002) 
and a relative risk of vascular surgical complications 



of 5.61 (P=0.02) as compared with the group as- 
signed to aspirin alone. The risk of these events in the 
group assigned to aspirin and ticlopidine was similar 
to that in the group assigned to aspirin and warfarin. 

DISCUSSION 

This randomized trial compared the ability of 
three antitliromb otic- drug regimens to prevent stent 
thrombosis. The chief finding was that a combination 
of aspirin and ticlopidine was superior to either a 
combination of warfarin and aspirin or aspirin alone 
in the prevention of stent thrombosis after successful 
stcnting. The risk of stent thrombosis widi aspirin and 
warfarin was slightly lower than with aspirin alone. 
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Days after Stenting 
Figure 1. Cumulative incidence of the Primary End Point in the Three Treatment Groups, 
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Our study differs from earlier trials in that random- 
ization required high stent-implantation pressures and 
the achievement of a predefined optimal result. Our 
finding of an intermediate (2.7 percent) risk of stent 
thrombosis among patients assigned to receive aspi- 
rin and warfarin, between that of the patients as- 
signed to receive aspirin and ticlopidine (0.5 percent) 
and that df the patients assigned to receive aspirin 
alone (3,6 percent), is in contradistinction to earlier 
data from a single-center randomized trial conducted 
in Germany, which suggested that warfarin may pro- 
mote stent thrombosis. 9 Several factors may explain 
this difference: the intensity of anticoagulation was 
lower in our study (target international normalized 
ratio, 2.0 to 2.5), the sample population in the Ger- 
man study included many patients with acute myo- 
cardial infection (24 percent), and our patients had 
to have a successful angiographic result before they 
underwent randomization. The modified regimen of 
aspirin and warfarin that was used in our study was 
at least as effective as aspirin alone in preventing stent 
thrombosis, with no added risk of stent thrombosis. 
The high rate of stent thrombosis in the group as- 
signed to aspirin alone is an important finding and 
contradicts the results of a recent registry study and 
of a small, randomized trial, which reported that the 
rate of stent thrombosis was similar in the group as- 
signed to aspirin and ticlopidine and die group treat- 
ed with aspirin alone. 11 ' 12 

Our study has several important secondary find- 
ings. The overall death rate was 0.06 percent, and only 
1 of 38 patients (2.6 percent) who reached the pri- 
mary end point died. This rate is markedly lower than 
the rate of death from stent thrombosis in previous 
trials (range, 11 to 24 percent 1 * 3 ' 9 ' 15 '™) and may reflect 
differences in selection factors used or improved di- 
agnosis and treatment strategies for stent thrombosis. 
The fact that Q-wave myocardial infarction occurred 
in 45 percent of those who reached the primary end 
point in our study is evidence that the clinical con- 
sequences of stent thrombosis remain severe. 

The significantly lower incidence of stent throm- 
bosis during treatment with aspirin and ticlopidine as 
compared with treatment with aspirin alone was offset 
by a slight but significantly increased risk of hemor- 
rhagic and vascular surgical complications. Despite die 
widespread belief that combination therapy with as- 
pirin and ticlopidine is associated with a lower rate of 
vascular surgical complications than therapy with as- 
pirin and warfarin, there was no significant difference 
in these end points between the two groups. Inter- 
estingly, the incidence of hemorrhagic complications 
in the group assigned to aspirin and warfarin was 
lower in our study than in previous trials, 2 * 3 suggesting 
that femoral-artery puncture and sheath-removal tech- 
niques have improved over the years. 

There was also no significant difference in die risk 
of neutropenia or thrombocytopenia between die 



group assigned to aspirin and ticlopidine (0.5 per- 
cent) and either the group assigned to aspirin alone 
(0.2 percent) or the group assigned to aspirin and war- 
farin (0,2 percent). These values are similar to the 0.8 
percent incidence of severe neutropenia more than 
two months after the start of treatment reported for 
patients who receive long-term ticlopidine therapy 
to prevent strokes. 10 An incidence of reversible ticlo- 
pidine-induced neutropenia of 0.8 percent was also 
reported in the French Multicentcr Registry of 2900 
patients. 16 Although these data may be taken as evi- 
dence that it is safe to use ticlopidine for up to 
4 weeks, stent thrombosis generally occurs within the 
first 14 days after the stenting procedure and may 
occur even earlier (a mean of 0.7 day in our study) 
in patients who are given aspirin and ticlopidine. Al- 
though not directly evaluated in this study, the early 
time to dirombosis indirectly suggests diat die course 
of ticlopidine may be shortened to two weeks, which 
may further reduce the risk of neutropenia and throm- 
bocytopenia. Importantly, despite the absence of se- 
vere hematologic dyscrasias in our study, there are 
continued reports of thrombotic thrombocytopenic 
purpura in association with ticlopidine dicrapy (in- 
cidence, approximately 1 in 1600 patients), includ- 
ing short-term treatment after coronary stenting. 17 * 18 
The vast majority of these hematologic disturbances 
occur after two weeks of ticlopidine treatment, 18 
thereby lending further support to die suggestion to 
shorten the duration of ticlopidine therapy after 
stenting to two weeks. 

In summary, we demonstrated the efficacy and safe- 
ty of a combination of ticlopidine and aspirin as a 
means of preventing stent dirombosis in patients with 
ischemic coronary syndromes. The superiority of this 
antithrombotic regimen over aspirin alone and a 
combination of aspirin and warfarin supports its use 
as the primary therapy after coronary stenting. 
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Double-Blind Study of the Safety of Clopidogrel With and 

Without a Loading Dose in Combination With Aspirin 

Compared With Ticlopidine in Combination With Aspirin 

After Coronary Stenting 

The Clopidogrel Aspirin Stent International Cooperative 

Study (CLASSICS) 

Michel E. Bertrand, MD; Hans-Jiirgen Rupprecht, MD; Philip Urban, MD; Anthony H. Gershlick, MD; 

for the CLASSICS Investigators 

Background — Combination therapy with the ADP receptor antagonist ticlopidine plus aspirin has emerged as standard care 
after coronary stenting. Clopidogrel, a new ADP receptor antagonist, has greater molar potency than ticlopidine and 
better safety/tolerability. 

Methods and Results — Patients (n=1020) were randomized after successful stent placement and initiated on a 28-day 
regimen of either (1) 300-mg clopidogrel loading dose and 325 mg/d aspirin on day 1, followed by 75 mg/d clopidogrel 
and 325 mg/d aspirin; (2) 75 mg/d clopidogrel and 325 mg/d aspirin; or (3) 250 mg BID ticlopidine and 325 mg/d 
aspirin. The primary end point consisted of major peripheral or bleeding complications, neutropenia, thrombocytopenia, 
or early discontinuation of study drug as the result of a noncardiac adverse event during the study-drug treatment period. 
The primary end point occurred in 9.1% of patients (n=31) in the ticlopidine group and 4.6% of patients (n=3 1) in the 
combined clopidogrel group (relative risk 0.50; 95% CI 0.31 to 0.81; ^=0.005), Overall rates of major adverse cardiac 
events (cardiac death, myocardial infarction, target lesion revascularization) were low and comparable between 
treatment groups (0.9% with ticlopidine, 1.5% with 75 mg/d clopidogrel, 1.2% with the clopidogrel loading dose; J P=NS 
for all comparisons). 

Conclusions — The safety/tolerability of clopidogrel (plus aspirin) is superior to that of ticlopidine (plus aspirin) 
(^=0.005). The 300-mg loading dose was well tolerated, notably with no increased risk of bleeding. Secondary end 
point data are consistent with the hypothesis that clopidogrel and ticlopidine have comparable efficacy with regard to 
cardiac events after successful stenting. (Circulation. 2000;102:624-629.) 

Key Words: aspirin ■ receptors m stents ■ thrombosis ■ ticlopidine 



Intracoronary stenting is widely used to treat vessel closure 
after PTCA or electively during angioplasty to decrease the 
rate of restenosis. 1 Current stents are metallic and thrombo- 
genic, resulting in a risk of acute and subacute thrombosis 
within the first month after stent placement. 2 Such thrombotic 
events result in serious clinical consequences, including 
death, myocardial infarction (MI) or emergency CABG. 
Initial attempts to reduce stent thrombosis involved regimens 
combining heparin, oral anticoagulant, and aspirin, but these 
were hampered by a high rate of complications, especially 
bleeding requiring blood transfusion and puncture site com- 
plications requiring surgical repair. 3 " 5 



Several randomized trials have shown that combination 
therapy with aspirin plus ticlopidine is superior to heparin and 
coumarin in preventing subacute stent occlusion. 6 " 9 These 
benefits have been demonstrated prospectively in low-risk, 8 
mixed-risk or intermediate-risk, 6 * 7 and high-risk patients. 9 
The ticlopidine-aspirin combination leads to fewer hemor- 
rhagic or peripheral complications than the conventional 
regimen combining oral anticoagulant with aspirin (0% to 2% 
versus 3% to 7%). Moreover, the dual antiplatelet approach 
shows better efficacy than aspirin alone. 8 - 10 Thus, the com- 
bination of 250 mg BID ticlopidine and aspirin has become 
the reference antithrombotic therapy after coronary stenting, 
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although full antiplatelet effect requires a few days because of 
the delayed onset of action by ticlopidine. 11 

Clopidogrel (Plavix/Iscover), a new platelet ADP receptor 
antagonist, has a more potent platelet antiaggregant effect 
than ticlopidine, 12 a faster onset of action, and does not cause 
the adverse events that limit ticlopidine therapy. 13 A loading 
dose of clopidogrel produces rapid and pronounced diminu- 
tion of 5 jutmol/L ADP-induced platelet aggregation in human 
volunteers. 14 This suggests the potential for an earlier thera- 
peutic benefit in the prevention of stent thrombosis. A 
preclinical study showed that when aspirin is combined with 
acute high-dose or chronic low-dose clopidogrel, graft and 
stent thrombosis is significantly reduced in a synergistic 
manner. 15 Makkar et al 16 have provided further preclinical 
evidence for synergism between clopidogrel and aspirin. 
These findings predict that concurrent inhibition of the ADP 
and thromboxane A 2 pathways of platelet recruitment will 
produce additive and/or synergistic decreases in thrombo- 
occlusive events. We therefore evaluated the safety of clopi- 
dogrel (with or without a loading dose) in combination with 
aspirin compared with ticlopidine in combination with aspirin 
in patients who had undergone successful coronary stenting. 

Methods 

Objectives 

The primary objective was to evaluate, for the treatment period, the 
relative safety of clopidogrel (with or without an initial loading dose) 
plus aspirin compared with ticlopidine plus aspirin in patients who 
had undergone successful intracoronary stenting. The secondary 
objective was to evaluate the incidence occurrence of cardiac events 
during the period of study drug administration. 

Study Design 

Forty-eight centers in 8 European countries enrolled patients be- 
tween May and November 1998. The study was designed as a 
multicenter, randomized, controlled, double-blind, parallel-group 
trial. Written informed consent was obtained from each patient, and 
the study was performed according to local regulations, the princi- 
ples of the Helsinki Declaration, and the European Guidelines for 
Good Clinical Practice, 

Randomization 

After coronary stenting, and on receipt of informed consent and 
satisfactory documentation of all inclusion and exclusion criteria, 
eligible patients were randomized into 1 of 3 treatment groups. 

Inclusion and Exclusion Criteria 

Randomized patients satisfied the following criteria; successful 
planned or unplanned coronary stenting (1 or 2 stents) in a single 
vessel (reference vessel diameter >2.8 mm) with the use of any 
commercially available non-heparin-coated stents; <10% adjacent 
residual stenosis; no angiographic evidence of thrombus formation or 
dissection within the treated vessel; blood flow of TIMI grade 3 in 
each stented segment and associated major side branches; preoper- 
ative creatine phosphokinase (CPK) levels less than twice the upper 
limit of normal (ULN); and eligibility to commence study drug 
within 6 hours after stent implantation. Principal exclusion criteria 
were stenting procedure involving ^ stents or >1 vessel, involving 
the left main coronary artery or a major bifurcation, or involving vein 
grafts; primary angioplasty for ongoing myocardial infarction with 
documented ST-segment elevation and/or elevated CPK-MB levels 
>2X ULN and CPK MB levels greater than normal); persistent 
objective ischemia determined by 12-lead ECG between stenting and 
randomization; administration of oral anticoagulants, GP Ilb/IIIa 
receptor antagonists and other antiplatelet agents, except for aspirin, 



within 1 month before randomization; administration of 
thrombolytics 2 weeks before randomization; need for anticoagu- 
lants, thrombolytic agents, or GP TIb/IIIa receptor antagonists after 
the procedure; percutaneous or surgical revascularization (PTCA, 
CABG) within 2 months before the procedure; history of allergy or 
intolerance or contraindication to aspirin, ticlopidine, or clopidogrel. 

Study Drugs and Procedures 

All study drugs (including aspirin) were administered on a blinded 
basis (double-dummy) and were to be initiated within 6 hours of 
completion of stenting. Patients were to receive 28 days of treatment 
with either (1) 300 mg clopidogrel (loading dose) and 325 mg/d 
aspirin on day 1, followed by 75 mg/d clopidogrel and 325 mg/d 
aspirin (days 2 to 28); (2) 75 mg/d clopidogrel and 325 mg/d aspirin 
(days 1 to 28); (3) 250 mg BID ticlopidine and 325 mg/d aspirin 
(days 1 to 28). 

Heparin was discontinued at the end of the procedure and 4 hours 
before sheath removal. In cases in which stent placement was 
performed in the late afternoon, intravenous heparin could be 
continued for a few hours to avoid sheath removal during the night, 
provided that the total duration of administration did not exceed 36 
hours. 

End Points 

A Critical Event Adjudication Committee validated all potential 
outcome events; only validated events were analyzed. The primary 
end point was the incidence of any one of the following validated 
events occurring during the study drug treatment period between 
visits 1 and 4 or until discontinuation of study drug: (1) major 
peripheral or bleeding complications (including false aneurysms, 
surgical repair of puncture site complications, blood transfusion [^2 
U of blood], intracranial bleeding, retroperitoneal bleeding, overt 
hemorrhage with a decrease of hemoglobin >3 g/dL compared with 
baseline); (2) neutropenia (neutrophil count <1.5X10 9 /L); 
(3) thrombocytopenia (platelet count <100X10 9 /L); (4) early dis- 
continuation of study drug because of a noncardiac adverse event 
(including death of noncardiac origin). 

Secondary evaluation criteria for safety were incidence of the 
specific adverse events rash or urticaria, pruritus, and diarrhea; 
incidence of any adverse event or other specific groups of adverse 
events; change from baseline to visit 4 in laboratory parameters. 

The secondary (efficacy) end points were the incidence of the 
following events during the treatment period; (1) cardiac events 
(combined and separately): cardiovascular death (including all 
deaths not definitively ascribed to a specific noncardiac cause); MI 
(spontaneously or in association with angioplasty or CABG); or 
target vessel revascularization (performed because of recurrent 
ischemia, arrhythmia, or hemodynamic failure), 

MI occurring in the absence of angioplasty or CABG was 
diagnosed by new abnormal Q waves not present at baseline or CPK 
levels increased beyond 2X ULN, together with a CPK-MB increase 
above the ULN and/or measurements of troponin T >0.2 ^g/L. After 
angioplasty, CPK and CPK-MB had to be >3X ULN and/or 
troponin T >1.0 ^ig/L. After CABG, CPK and CPK-MB had to be 
>5X ULN and/or troponin T had to be >2,0 fxg/L. 

Statistical Methods 

Study Power 

The incidence of the primary event cluster for the clopidogrel arm 
was projected from the Clopidogrel versus Aspirin in Patients at Risk 
of Ischaemic Events (CAPRIE) study, 13 in which the incidence of 
discontinuations of study drug as the result of noncardiac adverse 
events during the first 28 days of treatment was 2.5% and the 
incidence of neutropenia and thrombocytopenia were each <0.1%. 
On the basis of data available for ticlopidine in stent patients, it was 
reasonable to predict that the primary event rate including bleeding 
would be between 2.5% and 5% in the clopidogrel group. Power 
calculations were based on the assumption that the event rate for 
ticlopidine would be 5% greater than for clopidogrel with the use of 
a sample size of 335 per group (670 for the pooled clopidogrel 
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TABLE 1. Baseline Clinical Characteristics 





Total 
(n=1020) 


Ticlopidine 
250 mg BID 
(n=340) 


Clopidogrel 
75 mg QD 
(n=335) 


Clopidogrel 
300/75 mg QD 
(n=345) 


P 


Mean age±SD, y 


60±10YI 


61 ±9.9 


60±10.4 


60±10.1 


0.757 


Sex t M/F, % 


77/23 


75/25 


78/22 


77/23 


0.557 


Previous unstable angina, n (%) 


441 (43.2) 


154(45,3} 


132 (39,4) 


155(44.9) 


0,224 


Previous stable angina, n (%) 


569(55.8) 


177 (52.1} 


201 (60.0) 


191 (55.4) 


0,114 


Silent ischemia, n (%) 


75 (7.4) 


27 (7.9) 


30 (9.0) 


18(5,2) 


0.154 


Previous Ml, n {%) 


370 (36.3) 


123 (36,2) 


121 (36.1) 


126 (36.5) 


0.993 


Treatment for diabetes, n (%} 


115(11.3) 


41 (12,1} 


35 (10.4) 


39(11.3) 


0,803 


Hypertension, n (%) 


509 (49.9) 


165 (48.5) 


173 (51.6) 


171 (49.6) 


0.713 


Treatment for hypercholesterolemia, n (%) 


581 (57.0) 


199 (58.5} 


187 (55.8) 


195(56.5) 


0.761 


Former or current smoker, n (%) 


704(69.0) 


225 (66.2} 


237 (70.7) 


242(70.1) 


0.396 



groups). For an event rate of 2.5% in the clopidogrel group, the study 
would have 92% power to detect a significant difference between 
clopidogrel and ticlopidine at the 5% significance level (for the 
pooled clopidogrel groups) and would have 74% power to detect a 
significant difference at the 2.5% level (for the separate clopidogrel 
groups). For a clopidogrel event rate of 5%, the corresponding values 
were 79% and 54%. 

Primary End Point 

Assessment of relative safety was based on a comparison between 
treatment groups of the proportions of patients who had a primary 
end point event(s). Proportions were compared between treatment 
groups by means of Fisher's exact test (2-sided). On the basis of 
prospective decision rules given in the study protocol, the 2 clopi- 
dogrel groups were pooled and compared with ticlopidine at the 5% 
significance level. The 2 clopidogrel groups were also compared at 
the 5% level. Because there was a significant difference between the 
clopidogrel groups, separate comparisons of each clopidogrel regi- 
men to ticlopidine were also performed, based on prospective 
decision rules. Bonferroni adjustment was performed when testing of 
each clopidogrel group to ticlopidine was indicated. Estimates and 
95% confidence intervals for the relative risk of an event were 
calculated for pairs of treatments. 



Secondary End Points 

Assessments of efficacy, based on the cardiac and death end points, 
were carried out in the same manner as for the primary end point. 

Additional safety assessments were based on the proportion of 
patients with 5:1 episodes of a specific adverse event or groups of 
events and the change from baseline to day 28 for each laboratory 
parameter. The same testing strategy as used for the primary end 
point was applied. The proportions of events in the treatment groups 
were compared by means of Fisher's exact test (2-sided), and 
laboratory changes from baseline were compared between treatments 
with the use of a I -way ANOVA. 

Only events occurring during the treatment period (from random- 
ization to the day after the last dose of study drug) were included in 
the primary analysis. 

Results 

One thousand twenty-one patients were enrolled in 48 centers 
from 8 European countries (see the Appendix), One random- 
ized patient withdrew consent immediately before taking his 
first study medication. Baseline characteristics for the 1020 
patients who received study drug are given in Table 1; Table 



TABLE 2. Stent Procedural Details 



Parameter 


Total 
(n=1020) 


Ticlopidine 250 
mg BID 
(n=340) 


Clopidogrel 
75 mg QD 
(n=335) 


Clopidogrel 
300/75 mg QD 
(n=345) 


Balloon angioplasty, % 


95.2 


95.9 


96.4 


93.3 


Stented segment, %* 










LAD 


45.6 


46.9 


43.0 


47.0 


LCx 


19.6 


16.2 


23.9 


18.8 


RCA 


33.4 


35.7 


31.9 


32.5 


Stents implanted, %| 










1 


87.5 


84.4 


89.3 


88.7 


2 


12.3 


15 


10.5 


11.3 


Time tram stent to start of 
dosing, mean±SD r hj 


2,4±1.5 


2.4±1.5 


2.321.5 


2.4±1.6 



LAD indicates left anterior descending; LCx, left circumflex; and RCA t right coronary artery. 

Several patients were protocol deviators with respect to the stent procedure: *13 patients (1 .3%) 
were stented in the left main stem, and 1 patient (0.1%) received stents in more than 1 vessel; f3 
patients (0.3%) received >3 stents; £10 patients (1.0%) had stent-dosing times that exceeded 6 
hours. Data for time from stent to start of dosing were available for 337 of 340 patients in the 
ticlopidine group, 331 of 335 patients in the clopidogrel 75 mg QD group, and 344 of 345 patients 
in the clopidogrel 300/75 mg group. 
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Figure 1. Occurrence of primary end point by treatment. 

2 gives details on stent implantation. There were no signifi- 
cant differences between treatment groups. 

Primary Study End Point 

Figure 1 summarizes data on the primary end point at 28 
days, which occurred in 9.1% (31 of 340) of patients in the 
ticlopidine group and in 4.6% (31 of 680 of patients in the 
combined clopidogrel group -a relative risk reduction of 50% 
(95% CI 31% to 81%; ^=0,005) in favor of clopidogrel. The 
incidence of the primary end point at 28 days was 63% (21 
patients) in the 75 mg QD clopidogrel group and 2,9% (10 
patients) in the clopidogrel loading-dose group (P= 0.043). 

Table 3 provides a breakdown of primary end point data. 
The incidence of major peripheral or bleeding complications 
was low and similar in the 3 groups {1.2% for ticlopidine, 
1.2% for 75 mg QD clopidogrel, and 1.5% for clopidogrel 
loading dose) during the treatment period. The risk of an 
event in the clopidogrel loading-dose group was approxi- 
mately a third of that for ticlopidine patients (2.9% versus 



9.1%). This was primarily due to a higher frequency of 
discontinuations as the result of noncardiac adverse events 
(8.2% with ticlopidine versus 2.0% with the clopidogrel 
loading dose), which, in turn, was due to an increased 
frequency of discontinuations because of skin disorders 
(mostly rash) (2.6% with ticlopidine versus 0.6% with the 
clopidogrel loading dose), gastrointestinal disturbances (2.6% 
versus 0,3%), and allergic adverse events (1.2% versus 0%). 

One (0.3%) ticlopidine patient developed neutropenia 
(neutrophil count <0.1X10 9 /L) 28 days after randomization 
and recovered without sequelae 7 days after the end of 
treatment. Two patients (0.6%) in each clopidogrel group had 
mild thrombocytopenia (70 to IOOXlOYL), although these 
cases were transient and without clinical significance. In 3 of 
the cases, heparin was given concomitantly and there was no 
premature treatment cessation. 

Secondary End Points 

There was a low and comparable overall rate of major adverse 
clinical events (MACE) in the 3 groups: 0.9% with ticlopi- 
dine, 1.2% with the clopidogrel loading dose, and L5% with 
75 mg QD clopidogrel, There were no statistically significant 
differences between the combined clopidogrel group and 
ticlopidine (P>0.555) or between the 2 clopidogrel groups 
CP>0,058) for any of the secondary end points (see Table 4). 

Analyses of the primary and secondary end points with all 
the validated outcome events recorded in the study, including 
those occurring during the follow-up period, did not change 
the overall conclusion. 

Discussion 

The CLopidogrel ASpirin Stent International Cooperative 
Study (CLASSICS) is the first randomized trial of clopi- 
dogrel in coronary stenting and the first to evaluate 



TABLE 3. Summary of Data on Primary (Safety) End Point 



Clopidogrel 75 Clopidogrel 300/75 
Ticlopidine mg QD mg QD Clopidogrel Total 



Outcome Event 


(n=340) 


(n=335) 


(n=345) 


(n=680) 


Composite (any of the below)* 


31 (9.1%) 


21 (6.3%) 


10(2,9%) 


31 (4.6%) 


Major peripheral or bleeding 
complication 


4(1.2%) 


4(1.2%} 


5(1.5%) 


9(1.3%) 


Neutropenia <1.5xio 9 /L 


1 (0.3%) 


0 


0 


0 


Thrombocytopenia 
70-1 00X1 0 9 /L 


0 


2(0.6%) 


2(0,6%) 


4 (0.6%) 


Early discontinuation due to 
noncardiac event 


28 (8.2%) 


17(5.1%) 


7 {2%} 


24 (3.5%) 


Skin disorder 


9 (2.6%) 


3 (0.9%) 


2 (0.6%) 


5 (07%) 


Gastrointestinal disorder 


9 (2.6%) 


8 (2.4%) 


1 (0.3%) 


9(1.3%) 


Allergy 


4(1.2%) 


0 


0 


0 


Others 


6(1.8%) 


6(1.8%) 


4(1.2%) 


10(1.5%) 



'patients may have had >1 of the events included in the end point. Breakdown of discontinuations is based on 
the primary reason, for example, if a patient had multiple reasons for early discontinuation, they were included in one 
of the specific categories if possible rather than "other" or the specific category and other. If they did not have a 
reason that fell into one of the specific categories, they were included under "other" No patient had reasons that fell 
into 2 specific categories. 



For frequency of composite outcome events: P=0*005 for ticlopidine vs clopidogrel combined; P=0.001 for 
ticlopidine vs 300/75 mg QD clopidogrel; P= 0,194 for ticlopidine vs 75 mg QD clopidogrel; P=0.043 for 300/75 mg 
QD clopidogrel vs 75 mg QD clopidogrel. 



Downloaded from circ.ahajournals.org by on June 18, 201 1 



628 Circulation August 8, 2000 



TABLE 4. Summary of Data on Secondary (Efficacy) End Point 



Hclopidine 



Clopidogrel 
75 mg QD 



Clopidogrel 
300^75 QD 





(n=340) 


(n=335) 


(n-345) 


No. of patients with 
a 1 cardiac event* 


3 (0.9%) 


5 (1,5%) 


4(1.2%) 


Details 


1 Ml 


1 Ml 


2 Ml 




1 MI-3-TLR 


3 Ml + TLR 


1 Fatal Ml 




1 TLR 


1 TLR 


1 SD 



TLR indicates target lesion revascularization; SD, sudden death. 
*P=NS for all comparisons. 

clopidogrel-aspirin combination therapy and a loading dose 
of clopidogrel. The rationale for CLASSICS stemmed from 
(1) clear evidence from the Intracoronary Stenting and 
Antithrombotic Regimen trial (ISAR), the Full Anticoagula- 
tion Versus Aspirin and Ticlopidine trial (FANTASTIC), the 
Multicenter Aspirin and Ticlopidine Trial after Intracoronary 
Stenting (MATTIS), and the Stent Anti-thrombotic Regimen 
Study (STARS) that the ticlopidine-aspirin combination im- 
proves clinical outcome after stent implantation, compared 
with aspirin alone or aspirin plus full anticoagulation with 
heparin and coumarin 6 - 9 ; (2) the safety profile of ticlopidine, 
which may result in early discontinuation of the drug; (3) the 
superior safety profile of clopidogrel compared with ticlopi- 
dine; and (4) the comparable clinical efficacy of these 2 ADP 
receptor antagonists. 13,17 The decision to test a clopidogrel 
loading dose was based on data from healthy volunteers, 1S 
which showed that a loading dose produced a faster onset of 
platelet inhibition. The 300-mg loading dose was chosen to 
provide an optimal benefit/risk ratio. 

Because of limited information on the use of clopidogrel 
and aspirin in combination, CLASSICS was primarily a 
safety study, with a primary end point consisting of major 
peripheral or bleeding complications, neutropenia, thrombo- 
cytopenia, or early discontinuation of the study drug for 
noncardiac adverse events. The primary end point occurred in 
a higher percentage of patients in the ticlopidine group (9.1%) 
than in the combined clopidogrel group (4.6%) (P= 0.005), 
demonstrating a superior safety profile for clopidogrel. The 
safety advantage of clopidogrel is derived from a lower 
frequency of noncardiac adverse events, with significantly 
fewer cases of skin disorders (0.7% versus 2.6%), gastroin- 
testinal disorders (1.3% versus 2.6%), and allergy (0% versus 
1.2%). These differences indicate that with clopidogrel, more 
patients will be able to benefit from a full course of therapy 
with an effective combination antiplatelet regimen, and thus 
the risk of subacute stent thrombosis caused by early discon- 
tinuation of ticlopidine should be reduced. 

Data from CLASSICS are supported by findings from a 
nonrandomized comparison of combination therapy in coro- 
nary stent patients. Moussa et al 19 compared the safety and 
effectiveness of clopidogrel and aspirin with those of ticlo- 
pidine and aspirin in a consecutive series of patients (n^ 1406 
for ticlopidine; n=238 for clopidogrel). At 1 -month follow- 
up, no difference was found in the rates of stent thrombosis or 
MACE between the 2 groups. No clopidogrel-treated patient 
had neutropenia, and there was a significantly lower overall 




□OAC + ASA 
Ticbpldln** ASA 
Clopidogrel +ASA 

H Clopidogrel LP + AS A 



ISAR FANTASTIC STARS MATTIS CLASSICS 

Figure 2. Comparison of MACE rates (%) in CLASSICS with 
those of ISAR, 6 FANTASTIC,? STARS* and MATTIS 9 trials. OAC 
indicates oral anticoagulants; ASA, acetylsalicylic acid (aspirin); 
and LD, loading dose. 



incidence of medication side effects (neutropenia, diarrhea, 
rash) with clopidogrel compared with ticlopidine. 

Comparison of incidence rates for MACE (death, MI, 
revascularization) in CLASSICS with those in the ISAR, 
FANTASTIC, MATTIS, and STARS trials reveals that the 
event rates in all 3 arms of CLASSICS were lower than those 
in the ticlopidine-aspirin arms of FANTASTIC and MATTIS 
and comparable to those reported for ticlopidine plus aspirin 
in ISAR and STARS (Figure 2). These data reinforce the 
superiority of the ADP receptor antagonist-aspirin combina- 
tion in improving clinical outcome after coronary stent 
placement. 

No rebound phenomenon was observed in this study, as in 
the previous trials. This could be potentially of interest in 
special situations such as after brachytherapy, in which cases 
of late stent occlusion have been described. 

Results from CLASSICS should be viewed in the context 
of the study design. First, patients were randomized after 
successful stenting and were therefore a relatively low-risk 
population, Second, although the incidence of MACE was 
low and similar in the 3 treatment arms, this trial was 
underpowered to show efficacy differences. Third, adminis- 
tration of GP llb/IIIa receptor antagonists in the month before 
randomization or after stenting were exclusion criteria; there- 
fore, CLASSICS does not provide information on concomi- 
tant use of clopidogrel with these agents. 

Conclusions 

The safety/tolerability of clopidogrel (plus aspirin) is superior 
to that of ticlopidine (plus aspirin). The 300-mg loading dose 
was well tolerated, notably with no increased risk of bleeding. 
Secondary end point data are consistent with the hypothesis 
that clopidogrel and ticlopidine have comparable efficacy 
regarding cardiac events after successful stent placement; 
however, the study was not powered to draw definitive 
conclusions on efficacy. The favorable benefit/risk ratio of 
clopidogrel and aspirin, including the use of a loading dose, 
supports their combined use in coronary stent patients. 

Appendix 

Steering Committee 

M. Bertrand, Lille, France (chair); M. Blumenthal, Princeton, NJ; 
A.H. Gershlick, Leicester, UK; G. Perdriset, Gentilly, France; D. 
Roome, Gentilly, France (trial monitor); H.-J. Rupprecht, Mainz, 
Germany; L. Sagnard, Paris, France; M. Sotty, Montpellier, France; 
P. Urban, Lausanne, Switzerland. 
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Participating Centers/Principal Investigators 

Austria: Universitatsklinik Fiir Innere Medizin II/Klimsche 
Abteilung fur Kardiologie, Wien (Professor D. Glogar); Allge- 
meines offentliches Krankenhaus der Stadt Linz, Linz (Doz Dr F. 
Leisch); Medizinische Universities Klinik: der Karl-Franzens 
Universitat, Graz (Professor Dr W. Klein). Belgium: Cliniques 
Universitaires Saint-Luc, Brussels (Professor C. Hanet); A.Z. 
Sint-Jan, Brugge (Dr L. Missault); U.Z, Gasthuisberg, Leuven 
(Professor L De Scheerder); A.Z. Middelheim, Antwerp (Dr 
F.LJ. Van den Branden); Hopital Universitaire Erasme, Brussels 
(Professor E. Stoupel); A.Z, St Jansziekenhuis, Genk (Dr M, 
Vrolix). France: Hopital Saint-Jacques, Besancon (Professor J.P. 
Bassand); Hopital de Brabois, Vandoeuvre les Nancy (Professor 
N. Danchin); Center Cardiologique du Nord, Saint-Denis (Dr B. 
Glatt); Clinique du Bois de Verrieres, Antony and Institut 
Hospitalier Jacques Cartier t Massy (Dr M.C. Morice) and Institut 
Hospitalier Jacques Cartier, Massy, Polyclinique les Alpilles, 
Marseille (Dr P. Barragan); Center Hospitalier Universitaire de la 
Timone, Marseille (Professor M. Bory); Center Hospitalier Uni- 
versitaire, Caen (Professor G. Grollier); Hopital Broussais, Paris 
(Professor JX. Guermonprez). Germany: Klinikum Grosshadern, 
Miinchen (Professor P. Boekstegers); Deutsches Herzzentrum 
Berlin und Virchow-Klinikum, Berlin (Professor E. Fleck); 
RWTH> Aachen (Professor P. Hanrath); Stadtisches Krankenhaus 
Munchen-Bogenhausen, Miinchen (Professor T. Ischinger); Klini- 
kum der Johannes-Gutenberg-Universitat, Mainz (Professor H.-J. 
Rupprecht); Robert Bosch Krankenhaus, Stuttgart (Professor U. 
Sechtem); Medizinische Klinik 1, Klinikum Aschaffenburg (Pro- 
fessor B.R. Uebis); Med Klinik B Klinikum, Ludwigshafen (Dr R. 
Zahn). Netherlands: Catharina Ziekenhuis, Eindhoven (Dr 
J.J.R.M, Bonnier); Onze Lieve Vrouwe Gasthuis, Amsterdam (Dr 
GJ. Laarman); Dijkzigt Ziekenhuis, Rotterdam (Professor 
P.WJ.C. Serruys); De Weezenlanden Ziekenhuis 1 Zwolle (Dr HL 
Suryapranata); Sint Antonius Ziekenhuis, Nieuwegein (Dr M.J. 
Suttorp); Academisch Ziekenhuis St Radboud, Nijmegen (Profes- 
sor F.W.A. Verheugt). Spain: Hospital de la Santa Creu I Sant 
Pau, Barcelona (Dr J.M. Auge); Hospital Son Dureta, Palma de 
Mallorca (Dr A. Bethencourt); Ciutat Sanitaria i Universitaria De 
Bellvitge, Hospitalet de Llobregat (Dr A. Cequier); Hospital 
University Marques de Valdecilla> Santander (Dr T. Colman); 
Hospital Clinico San Carlos, Madrid (Dr C. Macaya); Hospital 
Virgen de las Nieves, Granada (Dr R. Melgares). Switzerland: 
Stadtspital Triemli, Zurich (Professor O. Bertel); Center Hospi- 
talier Universitaire Vaudois, Lausanne (Professor JJ. Goy); 
Universitatsspital Zurich, Zurich (Professor T.F. Luscher); Insel- 
spital, Bern (Professor B. Meier); Herzzentrum Bodensee, Kreu- 
zlingen (Dr M. Pieper). UK: London Chest Hospital, London (Dr 
R. Balcon); Hammersmith Hospital, London (Dr KJ. Beatt); 
South Cleveland Hospital, Cleveland (Dr M. De Belder); Glen- 
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The Clopidogrel in Unstable angina to prevent 
Recurrent Events (CURE) trial programme 

Rationale, design and baseline characteristics including a 
meta-analysis of the effects of thienopyridines in vascular disease 

CURE Study Investigators* 

Population Health Institute, the Canadian Cardiovascular Collaboration Project Office and the Division of 
Cardiology, McMaster University, Hamilton, Canada 



Background Other than aspirin, there are few oral anti- 
thrombotic treatments with proven efficacy in patients with 
acute coronary syndrome. In this report, we present the 
rationale, design and baseline characteristics of the Clopi- 
dogrel in Unstable angina to prevent Recurrent ischaemic 
Events (CURE) trial, which includes a meta-analysis of 
the effects of thienopyridines in patients with vascular 
disease. 

Methods and Results Combined data from randomized 
trials of thienopyrindincs in patients with atherosclerotic 
disease demonstrated a 29% reduction in vascular events 
when compared with placebo/control (n = 2392) {OR 0-71, 
95% CI 0*58^0-86, />=0-0006) and a 10% reduction in 
vascular events when compared with aspirin (n=22 254) 
(OR 0-91, 95% CI 0-84-0*99, P-0-039). Similarly, ran- 
domized trials of aspirin plus thienopyridines in patients 
undergoing jntracoronary stenting, demonstrated a 
marked benefit of aspirin plus ticlopidine in reducing 
death or myocardial infarction compared with aspirin 
alone (OR 0-23, 95% CI 0*11-049, />~0*0001) or aspirin 
plus warfarin {OR 0*51, 95% CI 0-33-0*78, P=Q-002), 
Whether these benefits extend to the much larger 
population of patients with acute coronary syndrome 
is unknown, CURE is an international, randomized, 
double-blind trial, in which patients with acute coronary 
syndrome will be randomized to receive either a bolus 
dose of clopidogrel (300 mg) followed by 75 mg per day 
for 3-! 2 months, or matching placebo. Both groups will 



receive aspirin. The co-primary efficacy end-points of 
CURE are: (1) the composite of cardiovascular death, 
myocardial infarction or stroke; and (2) the composite of 
cardiovascular death, myocardial infarction, stroke or 
refractory ischaemia, CURE will recruit approximately 
12 500 patients with acute coronary syndrome (from 28 
countries) and its power to delect moderate treatment 
benefits will be in the region of 80-90%, while maintaining 
an overall type I error (a) of 0*05. The baseline character- 
istics of the study population are consistent with at least a 
moderate risk group of patients with acute coronary 
syndrome. 

Conclusions Randomized trials or thienopyridines in 
patients with vascular disease demonstrate that thienopy- 
ridines are effective in reducing vascular events when 
compared with placebo/control or aspirin, as well as when 
used in combination with aspirin in patients undergoing 
intracoronary stent implantation. The CURE trial is a 
large international study to determine if acute and long- 
term treatment with the combination of clopidogrel and 
aspirin is superior to aspirin alone in patients with acute 
coronary syndrome. 

(Eur Heart J 2000; 21: 2033-2041, doi:10.1053/euhj. 
2000.2474) 

© 2000 The European Society of Cardiology 
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Introduction 

Atherosclerotic plaque rupture, erosion or disruption 
with superimposed thrombus formation ( l athero- 
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thrombosis) is the most important underlying patho- 
physiological mechanism to cause acute coronary syn- 
dromes (unstable angina and non-Q wave infarction) 111 . 
Despite treatment with aspirin and intravenous heparin, 
the incidence of cardiovascular death and new myocar- 
dial infarction remain substantial at 6-8% during the 
acute phase of hospitalization. In addition, the incidence 
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of these events remains high during long-term follow-up, 
at 6-8% per year over at least the next 2 years' 21 . 
Therefore, there is a need to develop strategies to reduce 
both short- and long-term risks of cardiovascular 
events 1 ' 11 . While newer agents, such as intravenous glyco- 
protein (GP) Ilb/INa receptor antagonists in addition to 
unfractionated heparin* 4 * 5 ^ reduced events when given 
for a short period of time in the acute phase, longer-term 
oral administration of these agents has failed to demon- 
strate a reduction in events 16,71 . Similarly, long-term 
treatment with low molecular weight heparins beyond 
the first week has not been beneficial, but substantially 
increases bleeding [S,9] . The failures of long-term oral GP 
Ilb/NIa receptor antagonists or low molecular weight 
heparin to provide additional benefit emphasize the need 
to develop alternative strategies to decrease both 
early and late events in patients with acute coronary 
syndrome. 



The thienopyridines 

The thienopyridines, ticlopidine and clopidogrel, are 
antiplatelet agents that inhibit platelet aggregation in- 
duced by adenosine diphosphate (ADP). They are pos- 
tulated to act by selectively and irreversibly inhibiting 
one of a family of membrane bound nucleotide receptors 
(the P2 receptors) on the platelet surface 1 10 ~ ]2 \ possibly 
through inhibition of adenylate cyclase* t3 ~ 151 . One of 
their net effects on the platelet is to prevent activation 
of the GP Ilb/IIIa receptor, which represents the final 
common pathway for platelet aggregation. 

Both ticlopidine and clopidogrel have been studied in 
clinical trials in patients with atherosclerosis. The use- 
fulness of ticlopidine is, however, limited by its potential 
to cause severe neutropenia in about 1% of patients, 
which necessitates close monitoring of blood counts at 
regular intervals, at least during the first few weeks or 
months of therapy 1 i6 * n \ Ticlopidine 11 *"" 01 and (to a 
much lesser extent) clopidogrel 1211 have also very rarely 
been associated with thrombotic thrombocytopenic pur- 
pura. In contrast to clopidogrel, the full antiplatelet 
action of ticlopidine is delayed for several days after 
commencement of therapy, limiting the usefulness of 
this agent in acutely ill patients and those undergoing 
non-elective percutaneous coronary intervention with 
stent implantation. By contrast the full antiplatelet 
action of clopidogrel after a 300 mg bolus is evident 
after several hours, making it useful in both acute and 
chronic settings 1221 . 

Meta-analysis of thienopyridines in vascular 
disease 

Thienopyridines vs placebo! control or aspirin 
Both ticlopidine and clopidogrel have been compared 
in several randomized trials vs placebo or aspirin in a 
wide variety of patients with cardiovascular, peripheral 



vascular and cerebrovascular disease (Table i)f l ^ 23 " 27 l. 
A meta-analysis from three major studies of ticlopidine 
vs placebo or control in patients with atherosclerotic 
disease (total n=2392 patients) demonstrated a 29% 
relative risk reduction in vascular events (OR 0-71, 95% 
CI 0-58-0-86, />=0'0006) (Table I), In two published 
studies of thienopyridine vs aspirin in patients with 
vascular disease {total n=22 254 patients), thienopyrid- 
ines were more effective than aspirin in reducing the 
frequency of major ischaemic events (OR 0-90, 95% CI 
0-83-0-97, ^=0*009) (Table 1). The largest of these trials 
was the CAPRiE study which randomized 19 185 
patients with previous myocardial infarction, recent 
transient ischaemic attack/stroke or symptomatic per- 
ipheral vascular disease to clopidogrel 75 mg a day or 
aspirin for a period of 1-3 years. At a mean of 1-9 years 
of follow-up, clopidogrel had significantly reduced the 
primary outcome of vascular death, myocardial infarc- 
tion or ischaemic stroke compared with aspirin by 8-7% 
(95%CI0-3%-l6-5%) [27] , 

Thienopyridines plus aspirin vs aspirin alone or oral 
anticoagulation 

Thienopyridines and aspirin act through complementary 
and independent mechanisms, and their combination 
can inhibit both ADP-induced^ platelet aggregation and 
thromboxane A 2 production 128 * 291 . The superiority of 
this combination, compared with aspirin alone or with 
oral anticoagulation, has been demonstrated in several 
randomized trials in patients after coronary artery 
stenting^ 341 . A meta-analysis of these trials demon- 
strates a marked benefit of aspirin plus ticlopidine in 
reducing death or myocardial infarction compared with 
aspirin alone (OR 0-23, 95% CI 0-1 1*0-49, P=0*0001) or 
with aspirin plus warfarin (OR 0-51, 95% CI 0-33-0*78, 
/>=0-002) (Figs 1 and 2). Several studies have compared 
the combination of clopidogrel and aspirin or ticlopidine 
and aspirin after coronary stenting; these suggest that 
aspirin and clopidogrel is better tolerated and at least 
as safe and effective as aspirin and ticlopidine 135-391 . 
Although combination therapy with a thienopyridine 
and aspirin appears to be superior to aspirin alone in 
patients undergoing stent implantation, its role in the 
much larger population of patients with acute coronary 
syndrome is unknown. 

The Clopidogrel in Unstable Angina Recurrent 
Events (CURE) trial was designed to test the hypothesis 
that treatment with the combination of clopidogrel and 
aspirin is superior to aspirin alone when initiated early 
and continued long-term, in the prevention of major 
cardiovascular events in patients with acute coronary 
syndrome. 



Methods 

Study design 

CURE is an international, multicentre, randomized, 
parallel group trial of the combination of clopidogrel 
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Study 
ISAR, 1906 
STAKS, 1998 
MATT13, 1998 
FANTASTIC, 1998 
Total 



0-1 



10 



Odds ratio 


95% CI 


0-31 


011-091 


0-32 


011-0-91 


0-61 


0-26-1-43 


0-66 


0-33-1-30 


0*51 


0'33-0-78 




P = 0-002 


< 


Test for heterogeneity P =0.51 



10-0 



Figure 1 Death or myocardial infarction in trials of aspirin + ticlopidine vs 
aspirin + oral anticoagulation after coronary artery stenting* *STARS was a 3 arm 
trial. Data from aspirin+ticlopidinc vs aspirin+oral anticoagulation arms were used in 
this analysis. 



Study 



HALL, 1996 
STARS, 1998* 

Total 



01 



Odds ratio 



0*17 
0-25 

0-23 



95% CI 



1*0 



0*01-0*72 
0*10-0-63 

0-11-0*49 
P « 0*0001 

Test for heterogeneity P = 0-66 



10-0 



Figure 2 Death or myocardial infarction in trials of aspirin +ticlopidine vs aspirin 
alone after coronary artery stenting, *STARS was a 3 arm trial Data for 
aspirin +ticlopidine vs aspirin alone arms were used for this analysis. 



plus aspirin vs placebo plus aspirin in patients with acute 
coronary syndrome (unstable angina and non-Q wave 
myocardial infarction). The study involves 508 centres 
from 28 countries. 



term need for oral anticoagulants and PTCA/stent or 
CABG within 3 months prior to randomization are 
excluded. 



Study population 

Patients are eligible for CURE if they are admitted to 
hospital with symptoms suggestive oFan acute coronary 
syndrome without ST segment elevation greater than 
1 mm, and presenting within 24 h of onset of the most 
recent episode of ischaemic chest pain/symptoms. Either 
ECG changes compatible with new ischaemia or already 
elevated cardiac enzymes or troponin I or T to at least 
twice the upper limit of normal is required for inclusion 
in the study. 

Initially, patients above the age of 60 with no new 
ECG changes but with objective evidence of ischaemia 
were included in the trial. However, after a review of the 
overall event rates among the first 3000 patients enrolled 
in the trial, the steering committee recommended that all 
patients have either ECG changes or a cardiac enzyme 
rise at entry. Patients with contra-indications to 
antithrombotic/antiplatelet therapy, those at high risk of 
bleeding, severe heart failure {class IV), ongoing long 



Randomization 

Patients are randomized to either clopidogrel or placebo 
in CURE by a telephone call to a central, 24-h, com- 
puterized randomization service located at the Canadian 
Cardiovascular Collaboration Project Office, McMaster 
University, Hamilton, Canada. Permuted block ran- 
domization, stratified by clinical centre is used. 



Treatment protocol 

A loading dose of clopidogrel 300 mg orally or matching 
placebo is administered as soon as treatment is allocated 
(Day 1). Aspirin (recommended dose 75-325 mg daily) is 
started (or continued if patients were already taking 
aspirin prior to study enrolment) simultaneously with 
the blinded study drug. Treatment will continue (clopi- 
dogrel 75 mg per day or matching placebo) for a 
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Table 2 Minimum relative risk reduction detectable with a total sample size of 
12 500 patients (6250 per group) 



Event rate in placebo arm 



Alpha* 
(two sided) 



Detectable relative risk reduction 
With 80% power With 90% power 



CV death, MI, stroke 

10% 0-045 
J 2%. 0-045 

CV death, MI, stroke, refractory ischacmia 
14% 0-01 
16% 0-01 



14-7% 

13- 3% 

14- 6% 
13-6% 



16-9% 
150% 

16-4% 
15-3% 



Type 1 error. 

CV=cardiovascular; MI=myocardiat infarction. 



minimum of 3 months (for the last patient recruited) or 
for varying periods up to a maximum of 1 year for the 
remaining patients. 



Follow-up 

Follow-up assessments will occur at baseline, hospital 
discharge, and at I month and 3 months (with additional 
follow-up visits at 6, 9 and 12 months for those patients 
randomized early in the study). 



Study outcomes 

The co-primary outcomes in CURE are: (1) the com- 
posite of cardiovascular death, myocardial infarction 
or stroke and (2) the composite of cardiovascular death, 
myocardial infarction, stroke or refractory ischae- 
mia. Events over the duration of follow-up will be 
included. 



Sample size 

The initial sample size of CURE was 9000 patients. 
Assuming a range of control event rates between 12% 
and 14% for cardiovascular death, myocardial infarction 
or stroke, the power of the sample size was estimated to 
be 80% to detect a 14-1% to 15-4% relative risk reduc- 
tion; or 90% to detect a relative risk reduction of 16-2% 
to 17*7% (2a=0-05). However, after review of the 
blinded overall event rales when 5000 patients had been 
randomized, there was concern that the projected event 
rates at 1 year may be significantly lower. Therefore, the 
study size was increased to include 12 500 patients, and 
co-primary outcomes were adopted. It is expected that a 
study of this size will result in about 1250 to 1500 events. 
Assuming control event rates of 10% to 12% for the 
outcome of cardiovascular death, myocardial infarction 
and stroke and a two-sided a of 0-045 for this outcome, 
the power of such a study will be 90% to detect a 15*3% 
to 16*9% relative risk reduction in this composite (Table 



2). For the co-primary outcome of cardiovascular death, 
myocardial infarction, stroke or refractory ischaemia, 
assuming control event rates of 14% to 16% and a 
two-sided a of 0*01, the power to detect relative risk 
reductions of 15-3% to 16*4% will be 90% in this 
composite (Table 2). 



Data analysis 

The primary analysis in CURE will be based on the 
intention-to-treat approach. It will compare the first 
occurrence of an event in the co-primary composite 
outcomes of A: cardiovascular death, myocardial infarc- 
tion or stroke or B: cardiovascular death, myocardial 
infarction, stroke or refractory ischaemia over the aver- 
age duration of follow-up, using the log-rank statistic 
and maintaining an overall two-sided a of 0-05. Taking 
into account correlation between composites A and B, 
and given that composite A represents approximately 
55% of events in composite B (i.e. cardiovascular death, 
myocardial infarction or stroke is a subset of cardiovas- 
cular death, myocardial infarction, stroke or refractory 
ischaemia), clopidogrel would be considered superior to 
placebo if the difference in composite A is significant at 
/><0045 or composite B is significant at P<0*OL 



Interim analyses 

The independent Data and Safety Monitoring Board 
(DSMB) will monitor the progress of all aspects of the 
study and ensure that the study meets the highest 
standards of ethics and patient safety. For efficacy, the 
co-primary outcomes will be monitored using a modified 
Haybittle-Peto boundary of four standard deviations in 
the first half of the study and three standard deviations 
in the second half of the study. The boundary must 
be exceeded on at least two consecutive time points, 
3 months apart. Futility will be assessed by the B-value 
(the conditional power for reaching significance by the 
end of the trial, given the current trends in the data), 
which will be calculated along with the 95% confidence 
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Table 3 Baseline demographics and past medical history and electrocardiographic 
changes in all randomized patients (N— 12563) 



Age [years, mean ( ± SD)] 64-2 (11-3) 

Gender (% F) 38-5% 

Time from onset of CP to randomization [hours, mean (iSD)] 14-3 (7-1) 

Heart rate [beatsfaiinuLe, mean (±SD)] 73*1 (14*8) 

Systolic blood pressure [mmHg, mean ( ± SD)] 134-3 (22-3) 
Diagnosis at entry 

Unstable angina 74-8% 

Suspected myocardial infarction without ST elevation 25-0% 
History of 

Myocardial infarction 32-0% 

Coronary artery bypass graft surgery 1 1 *0% 

Percutaneous coronary intervention 9-8% 

Stroke 4-0% 

Heart failure 7-5% 

Hypertension 58-5% 

Diabetes mellitus 22-5% 

Current smoker 23-0% 

Former smoker 37-7% 
ECG abnormality 

ST depression > I mm 41 -9% 

Major T wave inversion >2 mm deep 25-6% 

Other T wave inversion <2 mm deep 1 1 *3% 

ST elevation < 1 mm 3-2% 

Transient ST elevation >2mm 0*6% 

Abnormal ECG 934% 



interval. If the upper limit of the confidence interval is 
Jess than a conditional power of 25% (faint hope), then 
all other things being equal, the DSMB may recommend 
early termination. There will be two formal interim 
assessments performed by the DSMB-associated statis- 
tician to assess efficacy, scheduled at approximately 1/3 
and 2/3 of expected events. Safety aspects, and more 
specifically life-threatening bleeding, will also be moni- 
tored. No formal boundaries for assessing safety will be 
proposed, but clear, consistent, and persistent evidence 
of net harm that overwhelms any benefit could be the 
basis to discontinue the study. 



Central adjudication 

A central committee of clinicians who are blinded to 
treatment allocation will adjudicate the following out- 
comes: cardiovascular death, new myocardial infarction* 
stroke, refractory ischaemia, major and life-threatening 
bleeding. 



Baseline characteristics 

A total of 12563 patients were randomized into cure. 
Baseline demographics, electrocardiographic abnormali- 
ties and medication use in all randomized patients are 
shown in Tables 3 and 4, These data show that the mean 
age is 64*2 years, 38-5% of patients are women, 22% of 
patients have previously diagnosed diabetes and over 
32% have had prior myocardial infarctions. In addition, 
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Table 4 Medications at time of randomization and 
during initial hospitalization (N=l 2563 ) 





At 

randomization 


In-hospital 


Aspirin 


66-5% 


99-1% 


Heparin 


37-9% 


46-0% 


Low molecular weight heparin 


12-2% 


54-0% 


IV glycoprotein Ilb/llla inhibitors 


0*1% 


3-2% 


ACE inhibitors 


36-0% 


48-9% 


Beta-blockers 


57-5% 


77*5% 


Calcium channel blockers 


27*8% 


35-0% 


Lipid lowering agents 


24-9% 


45-6% 


Intravenous nitrates 


44-4% 


52-9% 



over 92% of patients in the trial have an abnormal ECG, 
with the most common abnormality being major ST 
depression (41-5%). These data are consistent with at 
least a moderate risk group of patients with acute 
coronary syndrome. Medication use in-hospital reveals 
high in-hospital rates of use of aspirin (>99%), heparin 
(46% unfractionated heparin, 54% low molecular weight 
heparin) and beta-blockers (>77%). 

Unique aspects and subsiudies of CURE 
(A) Epidemiological assessments (EPUCURE) EPI- 
CURE is a large epidemiological study, which has been 
integrated into the main CURE trial. The principal 
objective of EPICURE is to better understand the 
genetic and pathophysiological mechanisms and risk 
factors for patients with acute coronary syndromes. It 
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uses both a cohort design (for non-ST elevation acute 
coronary syndrome) made up of patients enrolled into 
CURE and a case-control approach which includes two 
types of cases: those with unstable angina, and new 
incident cases of acute transmural myocardial infarc- 
tion. These cases are matched to age and gender control 
subjects. Factors to be analysed include blood counts, 
markers of coagulation, lipids, markers of inflammation, 
insulin, fructosamine and genetic markers of a large 
variety of candidate genes for atherosclerosis and its 
intermediate phenolypes. This substudy will generate 
and integrate substantial biochemical and genetic data 
in patients with acute coronary syndromes with their 
clinical presentation and course. These data will also be 
used to explore the impact of clopidogrel in various 
subsets of patients as defined by their baseline levels of 
different biochemical and genetic markers. 

(B) Assessment in patients undergoing percutaneous 
coronary intervention (PCf-CVRE) PC1-CURE is a per- 
cutaneous coronary intervention substudy designed to 
evaluate outcomes in patients enrolled in the CURE 
study who undergo percutaneous coronary intervention. 
Specifically, it will assess whether patients who are 
pre-trcated with clopidogrel prior to percutaneous cor- 
onary intervention have superior outcomes compared 
with those not pre-treated 14 "' 4 * 1 . The hypothesis is that 
optimal antiplatelet coverage with the combination of 
clopidogrel and aspirin started before percutaneous cor- 
onary intervention will be superior to aspirin alone in 
preventing major cardiovascular events. The primary 
outcome will be the composite of death, myocardial 
infarction or urgent target vessel revascularization at 30 
days. PCI-CURE will also assess whether longer term 
treatment (3 months to \ year) with clopidogrel in 
patients undergoing percutaneous coronary intervention 
is superior to shorter term (less than 30 day) treatment in 
preventing the composite of cardiovascular death, myo- 
cardial infarction or refractory ischaemia. It is expected 
that over 2500 patients will undergo percutaneous cor- 
onary intervention while on therapy with blinded study 
medication. 

(C) Assessment of coagulation data (COAG-CURE) 
COAG-CURE is a coagulation marker substudy de- 
signed to assess whether treatment with the combination 
of clopidogrel and aspirin is superior to aspirin alone 
in suppressing markers of thrombin generation and 
activity, fibrinolytic activity and platelet activation. 

(D) Millennium survey This survey will collect data on 
practice patterns in patients with acute coronary syn- 
dromes at the turn of the millennium. It will include all 
consecutive patients presenting to the centre with acute 
coronary syndrome (not only those enrolled in CURE) 
during a 4-week period. Data to be collected include 
use of cardiac procedures, in-hospital medical therapy, 
and major in-hospital cardiovascular outcomes (myo- 
cardial infarction, stroke, and death). It will provide 
a unique 'snapshot' of practice patterns in 28 countries 



for acute coronary syndrome at the turn of the new 
millennium. 

Summary 

A meta-analysis of randomized trials of thienopyridines 
in patients with vascular disease demonstrate that 
thienopyridines reduce vascular events by 27% when 
compared with placebo/control, and by 10% when com- 
pared with aspirin. Similarly, in patients undergoing 
intracoronary stent implantation, thienopyridines used 
in combination with aspirin reduce death or myocardial 
infarction by 77% when compared with aspirin alone 
and 49% when compared with aspirin plus oral anti- 
coagulation. The CURE trial is a large international 
study designed to determine if acute and long-term 
treatment with the combination of clopidogrel and 
aspirin is superior to aspirin alone in patients with acute 
coronary syndrome. Baseline characteristics reveal a 
study population that is consistent with at least a 
moderate risk group of patients with acute coronary 
syndrome. 
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